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SUMMARY

The work describad in this report represents a first step In understanding
and cvaluating how Internal nolse radiates through multi-element, single as !
weil as dual stream, mechanical suppressors.

The objective of this program was to conduct a serles of tests to deter-
mine the efficiency of internal noise radiation for two mechanical suppressor 4
nozzles, namely, a single stream 12-lobe 24-tube suppressor nozzle and a dual 1
stream 36-chute suppressor nozzle. An equivalent single round conical nozzle

and an equivalent coannular nozzle system were also tested to provide a ref-
erence for the two suppressors.

An Impulse test technique developed in Phase 1 of this program was used
to study the radiation charactéristics of these nozzles. This technique
utilizes a high voltage spark discharge as a noise source within the test duct
and enables one to separate the incident, reflected and transmitted signals
in the timc domain. These signals are then Fourier transformed to obtain
various transmission parameters, in particular, the nozzle transmission coeffi-~-
cient (NTC) and the power transfer function (PTF).

These transmission parameters for the 12-lobe, 24-tube suppressor nozzle
and the reference conical nozzle are preserited as a fuiiction of jet Mach number,
duct Mach number, polar angle and temperature. Effects of simulated forward
Flight are also considered for these nozzles.

A e

For the dual stream, 36-chute suppressor, the NTC and PTF  are pre- ‘
sented as a function of velocity ratios and temperature ratios. Where possible
data for the equivalent coaxial nozzle s also presented.

As a by-product of this work, data on jet-mixing noise and )
broad-band amplification was also available. Typical resules describing
the jet noise suppression by these suppressors are, therefore, presented.

A new technique using signal recovery and an electro-acoustic driver,
developed to improve the single-shot spark discharge method, has &also been
discussed.

Many of the results described here are new and are not amenable to
immediate explanations. Due to the interesting nature of these results and

their usefulness, the transmission data has been included in this report as
an appendix.
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1, INTRODUCTION

In order for supersonic crulse aircraft to meet at least the FAR-36
(1969) nolse rule, the use of variable cycle engines utilizing coannular
inverted-velocity-profiles or low by pass (two stream) engines with sup-
pressor nozzles have been advariced in recent years. With the introduction
of the FAR-36 (1977) nolse goals, and even more stringent goals proposed
for the future, all practical current engine cycles being considered will
requite jet nolse suppressor nozzles.

An idea of recent vintage for reducing jet engine noise is to use
coannular jet exhaust streams with inverted velocity profiles. Model-
scale tests of this concept indicate jet exhaust noise reductions of the
order of 6-8 EPNdB. However, before full-scale flight testing of new
engines designed to produce such profiles is undertaken, all aspects of
engine nolse must be understood, including core noise generation, core
noise radiation, and flight effects on fan/jet noise generation and rad-
jation [1.1, 1.2].

In an effort to ensure that minimization of the exhaust noise does
not give rise to another noise problem (as occurred in the development of
the fan jet engine), NASA-lLewis awarded a contract to Lockheed-Georgia
Company in 1978 to determine the acoustic radiation characteristics of
interhal noise for this inverted velocity profile cycle. A number of co-
annular nozzles were tested as a function of velocity ratio, temperature
ratio and nozzle geometry (e.g. L/h, nozzle angle etc.) and the results
are described in reference 1.3. The above contract was later extended to

determine the transmission characteristics of typical mechanical suppressors.

A number of mechanical suppressors have been developed in the course of

trying to minimize the noise of aircraft engines. These suppressors have
been tested for a variety of test conditions, both statically and in flight
and appear to offer jet rn =e reductions of as much as 10 PNdB [1.4-1.6].
With this promise offered t, the scale model tests, it is crucial to know
if other problems exist that may negate the jet noise suppression noticed
in the model tests. One of the potential problems that may contribute to
a reduction in the effectiveness of the mechanical suppressors is the
radiation of the internal noise. If the radiation efficiency of the mech-
anical suppressor nozzle increased over other types of suppressor nozzles
(for example coaxial nozzles with inverted velocity profiles) or even

just simple convergent round nozzles, this would be crucial in the ulti-
mate evaluation of the mechanical suppressor nozzle.

e




Due to their importance, the radiation characteristlcs of two mechanlcal
suppressor nozzles, namely the dual stream multl-chute suppressor nozzle and
a single stream multi-lobe multl-tube suppressor nozzle were therefore recently
studled. The dual) stream Suppréssor was modeled after onc of the 36 chute
nozzles of G.E. [1.5] and the single stream suppressor after a 12-)obe 24-tybe
suppressor nozzle tested by Douglas Alrcraft Corporation and Rolls-Royce Ltd.
1.6, 1.7). The program was primarily experimental and was almed at under-
standing the acoustic transmission characteristics of internal noise sources
for these nozzles. An equivalent coannulaf nozzle system and a single round
conical nozzle were also tested to provide a reference for the multi-chute
and the multi-lobe-multi-tube suppressors, respectively,

The above program for the suppressor nozzles |s described in this report
and represents a first step in understanding and evaluating how internal noise

radiates through multi-element, single as well as dual stream, mechanical
suppressors,

This technique utilizes a high voltage spark discharge as a noise source within
the test duct and enables one to separate the incident ; reflected and the !
transmitted signals in the time domain. These signals are then Fourier trans- !
formed to obtain varfous transmission parameters.

The above method has been calibrated [1.8) against the classical theories 1
such as that by Levine and Schwinger {[1.9] for unflanged pipes and against the .
standard test techniques such as the standing wave tube method. f

Facility description, test plan and the method of data acquisition and |
analysis are described in the next section. This is followed, in Section 3,
by the experimental results for the 12-1obe, 24-tube suppressor nozzle. Results
for a range of flow conditions are presented and compared with those for an
equivalent round conical nozzle of the same exit area. Effects of nozzle
geometry, jet Mach number, duct Mach number, jet temperature and flight vel-
ocity on the radiation characteristics of these nozzles are discussed. ;

Results for the 36-chute suppressor nozzle and the reference coannular
nozzle (L/h for both nozzles = 3) are then presented in section 4, Effects
of velocity and temperature ratlos are discussed on the transmission of
internal noise from the impulse source located within the seécondaty plenum.

It is found that for very high levels of jet noise, for example at
supersonic Mach numbers, signal to noise ratio Is unacceptable at some
measurement locations. This problem is particularly severe close to the
Jet axis where refraction effect reduces the Pulse amplitude while the con-
vective amplification increases the jet mixing noise. The traditional sol-
ution in this situation is to use the technique of signal averaging. |If a
sufficient number of individual records are averaged, the stochastic contrib-

ution from the jet mixing noise will average out te 2ero and the pulse time
history should be recovered cleanly,
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This signal averaging technique to recover incident, reflected and the
+ ansmitted pulses was also developed in the present study by injecting pulses
crough acoustic drivers Instead of the spark source. Limited data obtalned by

using this technique is presented in section 5.

Gerieral discussions and the malfi conclusions are given in section 6.

Finally, the majority of the transmission data Is tabulated as an
appendix.




2,  TEST CONFIGURATIONS AND PROCEDURES

The acoustlc measurements for determining the tronsmission coefficients
were carried out In two separate facilities. The dalsy lobe nozzle and the
reterence conical round nozzle were tested in the anechoic free jet facility.
The multli-chute suppressor hozzle and the reference coaxial round rozzle, for
wnich no flight simulation da a was required, weére tested in the anecholc
static jet facility. Both of these facilities have been used extensively
in our previous work for studying the effects of forward velocity on jet mix-
ing noise, shock nolse and internal noise (for example see ref. 2.1 and 2.2)
ang)to study jet mixing noise from single and coaxial mode! jets (ref. 2.3-
2.6).

A description of the facilities is given ih section 2.1 below. The
detalls of the anecholc chambers and the air flow systems are given first.
This is followed by a description of the nozzles, the source section and the
spark circuit used to generate the sparks for the impulse noise. The test
plan is described in section 2.2. Finally, detalls of the data acquisition
and an>'ysis system Including facility Iinstruméntation, microphone cali-
brations and definition of various transmission parameters are described in
section 2.3.

2.1 FACILITY DESCRIPTION

2.1.1 Anechoic Free Jet Facility

This facility was used to test the effects of forward motion on the
transmission characteristics of the daisy lobe suppressor nozzle and the
reference round conical nozzle. The facility is powéred by a jet ejector
and is capable of providing continuous free-jet velocities up to 95 m/s with
a circular test section of diameter 0.71 m. A planview schematic of the
complete facility is shown in Figure 2.1. Starting from the left, air is
drawn into the Intake, through thé honeycomb and screens to the contraction,
across the anechoic room (test section) to the collector, through the dif-
fuser, the two right-angle corncts with turning vanes, and through the duct
silencers to the transition section. The exhaust and entrainment flows of
the jet ejector (diameter = 8.6 cm) are diffused through the 17.1 m long
muffler/diffuser section shown on the right of Figure 2.1.

The basic anecholc room surrounding the free-jet test section is 4.3 m
long, 4.3 m wide, and 6.1 m high between wedge tips. The interlor is lined
with polyurethane foam wedges. The chamber is completely isolated from the
rest of the acoustics laboratory since it is mounted on massive springs. A
spring-tensioned cable floor, suspended from the walls, provides easy access
to the interior of the chamber for Instrumentation and hardware changes and
for calibration purposes.

Because of the high noise levels generated by the jet ejector, being
operated at pressure ratios up to 8 to Induce flows through the working
section of up to 95 m/s, a slgnificant amount of acoustic treatment has been
Incorporated in the tumnel ducting between the anecholic room and the jet
ejector. A detailed description of this treatment is given in reference 2.1.
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A serles of tests were conducted to determine the anechoic quality of
the anecholc chamber with the free Jet Installed (ref, 2.2). The faclllty
was found anecholc down to a frequency of approximately 160 Hz.

The free Jet section Is 0,71 m In diameter. A photographic view of
the free Jet section with the dalsy lobe nozzle mounted in place Is shown
In Figure 2.2. The Inlet diameter of the free jet at the upstream sectlon
1s 1.9 m, and the Inner contour Is designed to provide a flat velocity profile
at the exit plane. The total length of the contraction section Is 2.4k m,
Other pertinent detalls about the constructlon and the acrodynamic perform=
ance of the free Jet and the free jet intake (Fig. 2.3) can be seen in refer-
ences 2.2 and 2.1,

The alr supply to the Jet ejector origlnates from the main 2.07 x 106
N/m? compressor which supplles dry alr to all research center facilit.es.
In addition, storage tanks retaln approximately 5500 Kgm of alr at 2.07 x 108
N/m? for higher demands. The ejector alr supply ducting and the ejector
di ffuser section are shown in Figure 2.4,

SINGLE JET AIR SUPPLY. - For minimum blockage (and therefore minimum
flow disturbance) in the working section, the air-supply ducting for the
primary jét Is installed In the intake/contraction sectioh rather than
through a swept pylon mounted on the anechoic room wall. The ducting is de-
signed to avold any flow separation within the accelerating free-jet flow In
the contraction section, & totally welded construction being adopted for this
purpese. The ducting is allgned by using a low power laser, placed at the
end of the collector/diffuser and almed along the free-jet centerline; en-
suring that the model jet would exhaust axially In the frée stream.

For heated jet noise tests, the air Is first heated to approximately
1000 K by a Marquardt Sudden Expansion (SUE) Propane Burner located outside
the laboratory building. The air Is then passed through a muffler section
which has been previously shown (ref. 2.3) to be highly effective in mini-
mizine upstream Internal nolse levels. Downstream of this muffler section,
the alr passes through approximately 30 meters of 10.2 cm diameter Inconel
pipe before finally reaching the model-jet nozzle. To compénsate for the
heat losses from this long length of pipe, a portion of the pipe {(aspproxi-
mately 10 m long and located upstream of free-jet intake) is wrapped with
commercially available half-circle electric heating units. !n order to
provide furtker heat insulation, all bare pipework and outer surfaces of
electric heating units are covered with 7.6 cm thick kaowool blanket (see
Fig. 2.3). Over the final section of the pipe, just upstream of the model-

éet nozzle; the insulation is smoothly tapered to provide a clean free-jet
low.

2.1.2 Anechoic Static Jet Faclility

The acoustic measurements to determine the nozzle transmission co-
efficients and the jet mixing nolse of the dual stream multi-chute nozzle
and also the reference coaxlal nozzle were made In the Anecholc Static Jet
Facility located In the Lockheed-Georgia research laboratories. This
facility has been used extensively in the past to make measurements of noise
from single jets. 1In 1977, the existing facility was modified to enable




Figure 2.2 A photographic view of the 12-1obe, 24-t
mounted in the flight simulation facilit
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measurements of nolse from dua! flow Jets. This modified facllity and the
calibration tests conducted to check both the acoustic and the aerodynamic
cleanliness of the facllity are described in
The same facllity was used to study the transmission characteristics of

coaxlal nozzles with Inverted velocity profiles during the first phase of
the present study [2.8].

The anecholc chamber used for these studies provides a free-fleld
environment for all frequencles above 200 Hz, and incorporates a specially-
designed exhaust collector/muffler which (1) provides adequate quantities of
Jet entrainment air, (2) distributes this entrainment alr symetrically

around the jet axis, and (3) keeps the alr flow circulation velocities in
the room to a minimum.

The alir for the primary and secondary jets Is supplied by the main
compressor which provides up to 9 Kg/sec. of clean dry air at 2.07 x 106 pa.
The air is heated by a propane burner to approximately 1000K. The primary
and secondary air supplies are controllied independently downstream of the
burner. Each supply has a hot and ¢old valve such that the desired ope-
rating conditlons can be obtained within the pressure and temperature limit-
ations of the system. Each alr stream is then directed through a set of
diffuser/muffler systems to minimize internal noise levels. The two streams

finally enter their respective plenums which are located upstream of the
coannular nozzle section.

v In order to insure that the relative axial positions of the exit planes
of the two nozzles do not vary, a special expansion coupling has been incor-
porated in the primary duct work, with a corresponding spacer in the secondary
duct work. It provides for expansion or contraction of the inner duct relat-
ive to the outer duct of &k mm from center which is adequate for the thermal

expansion associatad with the likely temperature differentials between
primary and secondary flows.

2.1.3 Nozzle Description

DAISY LOBE NOZZLE. The multi-lobe multi-tube suppréssor has been
modeled after a 12-lobe 24-tube suppressor tested by Rolls-Royce Ltd. and
McDonnell Douglas Corporation (ref. 2.9, 2.10). Two photographic views of
this nozzle are shown in Figures 2.5(a) and 2.5(b). A cross-sectional view
of the nozzle with Important dimensions is shown in Figure 2.6. The total
flow area through the 12-1obes and 24 tubes is 30.21 sq. cm. and is equiv-
alent to that of a round nozzle with a diameter equal to 6.21 cm (2.44 in).
Both the tubes and the lobes are attached to a conic section which makes an
angle of 50 degrees with the nozzle axls. The 24 tubes are equispaced on
a circle of . ameter 9.59 cm. The tube diameter is 0.409 cm and the tube
wall thickness Is 0.762 mm. The inlets of these tubes are well rounded for

smooth flow entry and the exits are chamfered to minimize flow separation
at the lip.

1

detall in references 2.6 and 2.7.
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Figure 2.5  The 12-lobe, Z4-tube suppressor nozzle.
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The 12 dalsy lobes are also equispaced and each lobe consists of two
stralght and two rounded walls (see Fig 2.6). The lobe angle Is 15 degrees
and the flow area of each lobe Is 2.26 sq. cm. This provides a ratio of
total area of the lobes and that of the tubes equal to 9.6. Three stlffner
pins of diameter 0.80 mm are inserted between the adjacent walls of each
pair of lobes.

A plug Is mounted In the center of the nozzle. It Is ogival in shape,
has a maximum diameter of 1.58 cm and protrudes beyond the lobe exit by 4.95
ecm. It extends upstream into the 10.16 cm diameter test duct by 7.08 cm and
has an elliptical leading edge (major axls = 6.34 cm, minor axis = 1.58 cm).
The plug Is actually detachable from the main body of the nozzle such that
tests can be carried out with a different plug or no plug at all, if so
required.

To obtaln a measure of the drag on this nozzle, seven static pressure
sensing ports have been provided, four in the entrainment area between
the lobes, and threé on the plug itself. Exact locations of these ports are
shown in Figure 2.6. The four pressure ports in between the lobes can be
seen In a close up shot of the nozzle shown in Figure 2.7 where the plug has
heen removed.

REFERENCE CONICAL NOZZLE. The reference nozzle is a round conical
convergent nozzle of flow area equal to that of the daisy lobe nozzle with
an exit diameter = 6.21 cm (2.44 in). Pertinent dimensions of this nozzle
are given in Figure 2.8. The nozzle was designed such that when mounted on
the 10.16 cm diameter supply duct, the distances of the spark source or the
induct transducer from the exit plane remained the same as those from the
exit of the daisy lobe nozzle.

MULTI-CHUTE SUPPRESSOR NOZZLE. The multi-chute suppressor is a co-
axial 3b-chute nozzle and matches that tested by G.E. (reference 2.11) in
NASA Contract NAS3-18008. This nozzle is illustrated in Figure 2.9. Rele-
vant dimensions are also given in this figure. Photographic views of the
exhaust and also of the Inlet are shown inh Figure 2.10. This nozzle, while
matching the exhaust characteristics of the G.E. nozzle is scaled to be
physically as close as possible to orie of the coaxlal nozzles (descrlbeq
later) tested under Contract NAS3-20797 (of which the present coniract is
an_extension) and 1s constructed such that 1t will fit the existing coaxial
facility. 1his suppressor Is fitted with a 6.7 em (2.7 in.) diameter plug.
Other parameters of interest for this nozzle are as follows:

e Area of primary annulus = 45.6 cm? (7.068 in.2)
[Equivalent round jet dia. = 7.62 em (3 in.)]

® Flow area through primary/chute flow area = 1.5
@ Projected area of secondary anhulus/chute flow area = 2.5

¢ Protrusion of primary exit plane with respect to the
secondary exit (L)/height of the annulus (h) = 3
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Figure 2.7 A close-up view of the daisy lobe suppressor
with the plug removed.
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Figure 2.8 The reference conical nozzle (dia = 6.21 cm)
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Figure 2.9  The 36-chute dual s
(L/h = 3)

tream suppressor nozzle
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Figure 2.10 Photographic view of (a) the exhaust end and “t
(b) the inlet end of the multi-chute suppressor '

nozzle.

18

|
-




REFERENCE COAXIAL NOZZLE,

The reference coaxial nozzle tested to

compare with the results from the multi~-chute nozzle is shown in Figure 2.11.
it Is one of the six coaxlal nozzles tested earller (see ref. 2,8) to study
the transmission characteristics of coaxlal nozzles with Inverted velocity
The area of the primary nozzle (dlameter = 7.62 cm) Is equal to
that of the primary annulus of the multi-chuté nozzle, i.e. 45.6 sq. cm. The

only other parameter that is the same for the two nozzles Is the ratio, L/h
which Is equal to 3.

table 2.1 below:

profiles.

A comparison of other parameters of Interest Is made In

Table 2.1 Various geometric parameters for the multi-chute
" suppressor and the reference ceexial nozzle.

‘ Primary Jet
Exit Area,
Ap

(cm?)

Secondary
Jet Exit
Area, Ap

(em2)

Height of the
Secondary
Annulus, h

(em)

L/

Convergence

h angle of the

Secondary
NozZle

) 2
Reference

Coax}al 45.60 64. 14 0.7 1.70 3 20°
Nozzle

Multi-chute

Suppressor 45,60 30.40 1.50 1.79 3 i4.1°
Nozzle
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Figure 2.11

Reference coaxial nozzle (L/h = 3)
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2,1.4 Source Section

The source section for the single stream nozzle suppressor and the
reference conical nozzle was different from that used for the dual stream
suppressor and the reference coaxlsi nozzle. The two types of source sections
are described separately below.

SOURCE SECTION FOR THE SINGLE STREAM NOZZLES. The experimental
configuratlon In Tts Baslc form Is Shown 1n F gure 2,12. It contains the
spark source placed on the center line of a 10.16 cm dlameter supply duct,
about 6 meters upstream of the nozzle exit. Internal no’se Is generated by
Inducing sparks across two graphite electrodes (dla. = 0.318 cm) separated
by 0.6 mm wide alr gap.

SOURCE SECTION FOR THE DUAL STREAM NOZZLE. For the dual stream
nozzles, six spark sources, equispaced in the secondary plenum, were used.
The source section, which Is also a part of the secondary plenum is visible
in Figures 2.13 and 2.14 where the reference coaxial nozzle and the multi-
chute suppressor respectively sie shown mounted downstream of the source
section. A schematic view of the source section Is shown in Figure 2.15,
The source sectlon for the primary nlenum is also shown here, although the
primary source was not used in the present . study.

It is to be noted that unlike the configuration for the single
stream nozzle, where the spark source was placed a considerable distance away
from the nozzle exit, the source in the dual nozzle configuration was located
only 74 cm upstream of the nozzle exit plane. As explained In appendix A a
larger travelling distarice is desirable so that the spherical wave fronts
of an Impulsive point source will have such large radius of curvature that
it will appear essentlally as a plane wave, which is the desired in-duct
condition. A very long secondary plenum was not practical with our facility.
As shown in Figure 2.15, the spark source (electrode gap) was used in conjunc-
tion with a paraboloidal reflector. The spark source Itself was placed at
the focus of the paraboloid. The effect of the paraboloidal reflector was
to increase the impulse energy traveling in the axlal direction and to modi fy
the wave front from spherical to essentially plane in nature.

Each of the spark gaps in this configuration was connected in series
through high voltage cabies such that all of them fired simultaneously. Un-
like the electrodes for the single nozzle configuration where the two elect-
rodes actually faced each other, the secondary plenum electrodes in this case
-ad an included angle of 20° as shown in Figure 2.15(b).

Each electrode was removable through a threaded connection and entered
the paraboloid through narrow openings drilled on the sides of the reflectors.

2.1.5 Spark Circult

The essentlal elements of the spark discharge clircult are shown In
Figure 2.16. A high voltage power supply charges a storage capacitor (70 uF)
to 5 to 10 KV. The discharge of the capacitor occurs through the air gap.
between the electrodes, thus producing a powerful, but physically small,
acoustic pulse,

21
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Figure 2.13 The coaxial jet facility
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The multi-chute suppressor nozzle mounted
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Figure 2.15 Source section for the multichute and the

reference coaxial nozzle.
(Not to Scale)
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To fire the spark, special vacuum switchés were used to prevent
current surges back through the power supply. It was found essential to
""float'' the capacitor from all ground circults as the discharge currents
(~2,000 amp) induced local ground potential shifts, with resultant digital
equipment malfunctions.

2.2 TEST PLAN

The flow conditions for which the daisy lobe nozzle and the reference
conical nozzle were tested are dgiven in Table 2.2. Thus basically the two
single stream nozzles were tested for the ro flow case, three subsonic and one
supersonic Mach nhumbers, three tunnel Mach numbers and two temperatures.

The flow conditions at which the multi-chute nozzle and the reference
coaxial nozzle were tested are glven in Table 2.3.

Table 2.2 Test conditions for the diasy lobe and the
reference conical nozzle.
Reservoir Fully Expanded Pressure Tunhel
Temperature Jet Mach No. Ratio Mach number
(Tp) (M) Pr/Pg (M)
Ambfient 0.0 1.0000 0.0, 0.08, 0.16, 0.24
Ambient 0.4 1.1:66 0.0, 0-08,‘ 0.16; 0.24
Ambient 0.6 1.2755 0.0, 0.08, 0.16, 0.24
Ambient 0.8 1.5244 0.0, 0.08, 0.16, 0.24
Ambient 1.2 2.4248 0.0, 0.16, 0.24
600K 0.8 1.5244 0.0, 0.08, 0.16, 0.24
600K 1.2 2.4248 0.0, 0.16, 0.24
Tabfe 2.3 Test conditions for the multi-chute nozzle
and the reference coaxial nozzle.
Primary Jet (Core) Se-ondary Jet (Fan)
Reservoir Fuliy Expanded | Pressure| Reservoir Fully Expanded | Pressure
Temperature Jet Mach No. Ratio Temperature | Jet Mach No. Ratlio
(TR") (MJ‘l) PRIIPO (TR2) (MJZ) (PRZ/Po)
Ambient 0.0 1.0000 Ambient 0.0 1.0000
Ambient 0.0 1.0000 Ambient 1.2 2.4248
Ambient 0.4 1.1166 Ambient 0.6 1.2755
Amb ient 0.8 1.5244 Ambient 0.9 1.6912
Ambient 0.8 1.5244 Ambient 1.2 2.4248
Ambient 0.8 1.5244 600K 0.9 1.6912
Ambient 0.8 1.5244 900K 0.9 1.6912
Ambient 0.8 1.5244 600K 1.2 2.4248
hSOK 0.8 1.5244 600K 0.9 1.6912
675K 0.8 1.5244 900K 0.9 1.6912
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2.3 DATA ACQUISITION AND ANALYSIS

2.3.1 Facllity Instrumentation

The In-duct signals were measured by a Model 202 Series Piezotron
pressure transducer made by Sundstrand Data Control, Inc. This transducer
has a rugged stainless steel mounting with provision for watér cooling. The
transducer used for the daisy lobe nozzle and the reference conical nozzle was
located 6 m downstream of the spark source and 76.2 cm upstream of the nozzle
exit plane. Similarly the transducer for the multi-chute nozzle and the ref-
erence coaxial nozzle was mounted 28 cm down stream of the spark source and
46 cm upstream of the suppressor nozzle exit plane. The transducers In each
facility were mounted In an electrically isolated bushing made from machin-
able ceramic to avoid ground-induced voltage spikes from the spark discharge
electromagnetic radiation.

Far-field signals were measured on a polar arc of 3.05 m radius with
0.635 cm diameter B&K microphones (Type B&K 4135) in conjunction with B&K
cathode followers (B&K 2619). Measurements in the far-field were made bet-
ween 0° and 120° at intervals of 10°.

The basic test procedure consisted of firing the spark at the"desired
operating flow conditions and simultaneously recording the signals, both in-
duct and the far-fleld, oh a 28-channel tape recorder. Subsequent analysis
of each pulse was achieved conveniently on a dual-channel transfer function
analyzer, while maintaining accurate time interrelationship between the
impulse signals. The system schematic is shown in Figure 2.17.

2.3.2 Translent Capture and Editing

Using the transient capture capability of Spectril Dynamics SD360
digital FFT signal analyzer, the in-duct and the far-field signals were first
captured on channels A and B. The ana! .er has the ability not only of cap-
turing the time histories, but also of data editing and relative time trans-
lation (rotation). With the exception of the highest Mach number (i.e. 1.2)
where jet noise levels are quite high, the far-field pulse was easily detect-
able. The in-duct pulse, however, was always strong. Having located the
in-duct pulse and the corresponding far-fleld pulse, all components of the
two time histories except these two pulses were edited out. An example of
‘this procedure Is shown In Figure 2.18. The two pulses were then Fourier
transforméd to produce thelir respective power spectra. The ratio of far-
field to In-duct power spectra was then used to compute transfer function
as discussed In section 2.3.4. This procedure was repeated for each measure-
ment angle.

The above transfer functions were obtalned up to a frequency of 100
KHz. Since atmospheric absorption becomes important at these frequencies,
appropriate corrections were made to the far-field data Ir. accordance with
the data of reference 2.12.
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ACOUSTIC PRESSURE
(ARBITRARY SCALE)

Figure 2.18
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REFLECTED

FAR-FIELD
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IN-DUCT
TIME HISTORY

— UNEDITED SIGNAL
——---EDITED SIGNAL

INCIDENT
PULSE

An example of the editing process used in the evaluation
of incident and transmitted power spectra
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2.3.3 Calibratlons of Far-field Microphones with
Respect to the In-Duct Transducer

In order to obtain a true measure of the transfer function B/A, it
was essential to account for the frequency responses of each microphone and
the In-duct transducer. This was accomplished by mounting the transducer
next to a given microphone as shown in Figure 2.19 and measuring the noise
of a pulse generated by a spark source mounted at a location directly iIn
front of the transducer and the microphone. The spark source produced a
pulse with high spectral energy up to a frequericy of 100 KHz. S$ince the
signals captured by the microphone and the transducer were the same, a trans-
fer function between the two was the calibration of one with respect to the
other. Using the In-duct transducer as the reference, the calibration of each
microphone was thus obtained and incorporated as a frequency response cor-
rection. A typical frequericy résponse is shown in Figure 2.20.

2.3.4 Presentation of Transmission Data

Three basic parametefs of interest were calculated from the measure-
merits made in the far-field and inside the duct. These were the Reflection
Coefficient (o), the Nozzle Transfer Function (NTF) and the Power :ransfer
Function (PTF) respectively. Various reasons for using the above parameters
are described in detall in reference 2.8. Expressions for these parameters
as used in the present report are given below:

REFLECTION COEFFICIENT (o). The duct termination reflection coeffi-
cient is defined to be the ratio of the squaresof the reflected and the inci-
dent wave pressure amplitudes as measured by the in-duct transducér.

Thus, o In dB = 10 Log,, (p2/pf?). (2.1)

In the present case the above ratio was obtained by taking the dif-
ference between the power spectra of the reflected and the incident signals.

NOZZLE TRANSFER FUNCTION (NTF) OR NOZZLE TRANSMISSION COEFFICIENT (NTC).

NTF (also referred as NTC) In essence relatss the measured sound pressures at

any fixed polar angle to that produced in the free field by a point source of
power equal to that of the incident pulse. The derivation of the expression

for the NTC in terms of the measured quantities is given below:

2
If Pi” Is the mean square of the inclident pressure at the In-duct
transducer location, then the in-duct intensity will be given by:

p'2 (1 + MD)2

lD = pDcD (2.2)

where Mp is the flow Mach number in the duct and PpCp Is characteristic in-
duct impedance.

L ew,
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Plz (1 + “0)2
Therefore the total In-duct Incident power W, = Ay (2.3)

. C
°sd

where A, = duct area at the measured location.

If we assume that a point source of power equal to W, is nhow rad-
lating in the far-field from the nozzle exlt the Intensity Lt the measure-
ment location at a distance R, from the nozzle exit due to this source will
be

Ip =W /UmRe? (2.4)

Nozzle Transmission Coefficient is simply the ratio of the measured
intensity If(a) and Ip can be expressed In the following form:

2 2 [T p
(¢ (o) T PR I (2.5)
(NTC)dB = 10 log,, iﬁﬁ?r-_- + 10 log,q -7q;—- LA (T:ﬁﬁ)z

p,2 (8) = mean square pressure in the far-field at angle 8 at a distance R
£ A m
from the nozzle exit.

Pp=static pressure in the duct
P, =ambient pressure
Tp=static temperature in the duct

To=ambient temperature

The details of the NTC calculation from the measured data are shown in
appendix B.

It should be noted that the data was analyzed at a bandwidth of 200Hz
but has been converted into 1/3-dctave values as described in appendix B.
The data Is presented up to 63 KHz.

Of course as described in detall In reference 2.8 the following
three basic characteristics are Implicit In this definition:

(1) A single-point in-duct measurement Is representative of the
average mean square pressure over the duct cross-section.

(2) The far-field mean square pressure is azimuthally axisymmetric.

(3) Below the first higher-mode cut-on frequency the incident
plane mode will be transmitted as plane-mode radiation to the far-fleld.
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Above this frequency, higher modes will be reflected from the nozzle and will
also contribute to the far-field pressures even though the incident wave may
be plane. Thus, nozzle reflection and transmission coefficlents cannot
rigorously be ascribed to any one mode or combination of In-duct modes. In
this work, however, It is tacitly assumed that the dominant mode component
reflected Inside the duct and transmitted out of the duct 's a plane wave.

POWER TRANSFER FUNCTION (PTF). Power Transfer Function (PTF) 1s the
ratio of the far-fleld acoustic power (W.) and that transmitted through the
duct. The acoustic power (W ) transmittgd through the duct was corrected
according to Blokhintsev (REF. 2.13) to eliminate the influence of the flow
velocity in the duct by using the following expression

A
=D 2 2 052 (1-M.)2
Wy S [p,% (14My) p.? (1-Mp)°] (2.6)

The radiated sound power (wf) in the far-field was determined by

wf=ﬁf(e)ds (2.7)

where ds s the elemental strip shown in Figure 2.21. The far-field acoustic
intensity can be expressed as

sz
|f=_ (2-8)

Po%o
where p,Co is the ambient acoustic impedance. Since only a finite number of
far-field measurements were possible, it is assumed that the far-field [n-
tensity in the angular strip between angles 6 + (A8/2) remains constant and
equal to that measured at polar angle 6. Here A6 is the interval between
successive measurement locations and was equal to 10° in the present work.

Thus, the integral for W¢ can be approximated by a finite sum and Is given
by:

a 2
wf Poto ‘?T.Pf As; (2-9)

where pfz over the elemental surface area As; has been assumed to be a
constant. Typical elemental surface areas can be written as

os; = MrRmz sin(ia8) sin(A6/2) 0 < 1a0 < . (2.10)
At 140 = 0, 7

2
Bsy = s - 2nR_[1 - cos(80/2)]. (2.11)

Owing to the refraction effects on the sound waves by the jet stream, the
directional pattern of the measurements In presence of flow shows dips in
sound pressure levels close to the jet axis. In addition, if A6 is small,
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Figure 2.21

Schematic of acoustic power calculations
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the contribution to acoustic power by sy Is Insignificant, Also, accurate
measurements at 6 =0° In the presence of flow were difficult to make. There-
fore, except for zero flow velocity, the contribution due to 6 =0°In the
far-field acoustic power calculations has been Ignored. Similarly, since
no measurements were avallable beyond 6 = 120°, the calculations stop at

125° [=120° + (A8/2)]. The exclusion of energy for those angles beyond 120°
is expected to have 'lttle effect at high frequenclies (which dominate in

the rear are) but may kave pronounced effect for low frequencles at which

the directivity Is almost omaidirectional. In such a case the calculated
acoustic powers will be about 3 dB lower than the true values.

The power transfer function in dB with respect to transmitted power
is gliven by:
e

To be consistent with the NTF where the normalizing parameter ‘is the
incident sound wave amplitude, far-field acoustic power was also normalized
with respect to Incident power and is given by

e
PTF, = 10 Log,, W (2.13)
where
W, = 2o (p,2 (1+M_)2] (2.14)
i PpSD Py D - 14

For data obtained under flight simulation, the measured far-field
sound pressure levels were converted to those under ideal wind tunnel con-
ditions where the shear layer between the noise source and the microphone
is not present. Shear layer correction procedure developed at Lockheed
and described in reference 2.2 was used.
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5. TRANSMISSION RESULTS FOR MULTI-LOBE MULTI-TUBE SUPPRESSOR

Characteristics of Internal nolise radiation from the 12-lobe 24-tube
suppressor nozzle tésted statically and under flight simulation for both
unheated and heated jets are presented here. Effect of jet-Mach number on the
in-duct and far-field time historlies, reflection coefficients, nozzle trans-
mission coefficlents and power transfer functfons are first described in
section 3.1. Results showing the effects of heating (sectlon 3.2) and flight
aimulation (section 3.3) on the same transmission parameters are theh des-
cribed. A summary of the studied effects is given at the end of each section
and the general conclusions are presented in section 3.4.

3.1 MACH NUMBER EFFECTS

Experimental results showing the effects of jet Mach number on the
transmission characteristics of the daisy lobe suppressor are presented in
this section. This is done by first presenting both the in-duct and the
far-field time histories as a function of the jet Mach number. Frequency
spectra for the reflection coefficient amplitudes and also for the Nozzle
Transmission Coefficients (NTC) are then presented in subsections 3.1.2
and 3.1.3. This is followed by a comparison of the transmitted acoustic
power with that measured in the far-field. A summary of the Mach number
effects {s presented in subsection 3.1.5.

3.1.1  In-Duct Time Histories

WHAT DOES AN IN-DUCT TIME HISTORY LOOK LIKE? In order to obtain a
better Insight into the acoustic behavior inside the duct with the suppressor
nozzle as a termination, a short discussion on the in-duct time history when
the suppressor Is not present is given first. Figure 3.1(a) gives an ex-
ample of the time history,with no flow,measured by ihe In-duct transducer
located in the 10.16 cm diameter straight duct (unflanged) on to which the
suppressor nozzlé or the reference conical nozzle will be mounted later. The
time history clearly shows the Incident wave and 1ts reflection from the open
end of the duct. This reflected wave is 180° out of phase with respect to
the Incident wave. Had the vpcn end been blocked off with a hard termi-
nation the reflection would have been In phase with the incident signal, a
phenomenon well known in undetwater acoustics and gas dynamics.

Figure 3.1(b) shows the history when the daisy lobe noz2zle is attached
to the supply duct. Besides the Incident signal, two more pulses are seen,
the first,being In phase with the Incldent, s the reflection from the
solid parts (hard termination) on to which the lobes and the tubes of the
suppressor are attached. The second reflection, 180° out of phase with the
incident signal, is the reflection from the flow areas (soft termination) of
the suppressor nozzle, namely the exlits of the 12-lgbes and the 24-tubes.

The time histories shown in the above two Figures (3.1(a) and 3.1(b))
are for a no flow condition. The reflection from the solid part Is typical of
that from the shoulders of convergent nozzles and takes place before the exit
reflection. This is illustrated in Figure 3.1(c) where a typical time history
with the dalsy lobe nozzle replaced by the reference conical nozzle is shown.
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VARIATION OF IN-DUCT REFLECTION WITH MACH NUMBER. Figure 3.2(a) and

(b) show the effect of Jet Mach number My= 0.2 and M;=0.3) on the relative
levels of the incldent and the reflected components of the in-duct signal
for the daisy lobe nozzle. Clearly, the reflection from the open end -
decreases with Increasing Mach number. A dramatic change in the time hig~
tories is noticed as the Jet Mach number Is Inzreased beyond 0.4. This is
shown In Figure 3.3 for fully-expanded Mach numbers (My) of 0.4, 0.6, 0.8,
ard 1.2, respectively. There is little sign of reflection from the open

end but that from the hard (or solid) part of the nozzle termination in-

creases considerably until at My = 1.2 the incident and the reflected signals
appear to be of the same amplitude.

The implicatiun of these results is that if there was considerable

internal noise generated upstream of the suppressor nozzle exit, much of it
should be reflected back at higher Mach numbers.

Similar qualitative results were obtalined for the 6.20 cm diameter
reference conical nozzle. This is shown i Figure 3.4

The behavior depicted in Figures 3.2-3.4 can be better seen when
plotted in the form of reflection factors as shown Figure 3.5. Data for
6.20 cm reference round nozzle are also shown. if, 1. ' the peak sound
pressuré amplitudes in the time histories, we use symbols A for the incident
waves, B; for the reflection from the hard part of the nozzle exit and B, for
the reflection from the soft part (or flow area) then we can introduce
reflection factors By/A and B2/A to provide a measure of the reflection from
the haid and soft parts of the nozzle termination, respectively. A compari-
son of Bj/A values for the suppressor nozzle and the reference conical nozzle
indicates that the suppressor nozzle may be a less efficient radiator of
internal noise compared to the round nozzle. Both of these reflection factors
are plotted in Figure 3.5 as a function of fully expanded jet Mach pumber for
both nozzles. Clearly thev follow the same trend, that is, beyond M; = 0.4
the amplitude of the reflection from the open end is negligible and that
from the solid parts of the nozzle termination keeps increasing with Jet

In order to understand how the reflection factors behave in the
frequency domain as a function of jet Mach number, the reflection confficients
as defined In section 2.3.4 were obtained. Both components of reflection,

i.e. the soft and the hard termination reflections were retained. The results
are described in the next section.

3.1.2  Reflection Coefficients

Reflection coefficients for the dalsy lobe (op,) nozzle for four
Jet Mach numbers (Mj = 0, 0.4, 0.8 and 1.2) are presented in Figure 3.6 as a
function of 1/3-octave fraguencies. For comparison, the data for
conical nozzle(o.)is also superimposed in this figure.These result
cross plotted as shown In Fiqures 3.7 and 3.8, where reflection cuefficients for

various ‘frequencles are plotted as a function of the duct Mach number at the
measurement location.

the reference
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Figure 3.2 In-duct time histories for the daisy lobe nozzle at
various jet Mach numbers.
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0.8

TIME
Figure 3.4 In-duct time histories for the 6.20 cm diameter

reference conical nozzle at various jet Mach
numbers (unheated).
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Figure 3.7 Effect of duct Mach number on the reflection coefficients
of the dalsy lobe nozzle and the reference conical nozzle
at varlous 1/3-octave frequencies.

LEGEND: -E}-DAISY LOBE NOZZLE. —©— REFERENCE CONICAL NOZZLE.
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Figure 3.8 Effect of duct Mach number on the reflection coefficients
of (a) dalsy lobe nozzle and (b) conical nozzle at various
frequencies.
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Both GD% and oi at f = 400, 630, 800, 1000, 1250 and 1600 Hz are
M

plotted agalnst Logyo(Mp) for both the nozzles. Results follow a very con-
sistent trend with change In frequency and the duct Mach number Mp. After
careful examination of Figures 3.6, 3.7 and 3.8 the following observations,
particularly for the plane wave regime, can be made about the reflection
coefficlents:

1) Variatfon with duct Mach number (Mp). As the jet Mach number
(and so the duct Mach number) 1s Tncreased, the reflection coefficients for
the conical nozzle decrease while those for the dalsy lobe suppressor nozzle

increase at all frequencies. At supérsonic let Mach numbers, op appears
to approach 0dB (1inear value 1).

(2) Vvariation with frequency. The trends In variation of o with
frequency are exactly opposite for the two nozzles. This Is shown in
Figure 3.8. The daisy lobe reflection coefficients increase with frequency

while those for the conical nozzle decrease with frequency at almost all
Mach numbers.

(3) Reflection Coefficient (9c) higher than O dB at low frequency
and high Mach numbers for the conical nozzle. At high jet Mach numbers (e.g.
see Figures 3. B(c) and (d)) and low frequencies the reflection coefficlients
appear to be higher than unity for the conical nozzle.

The behavior of opL Is difficult to explain without considerable
theoretical and further experimental work. This is certainly related to
the complicated geometry and the flow conditions encountered by the incident
wave in travelling from upstream to the multi-jet exits and back. For example,
the daisy lobe has a sharp shoulder with convergence angle of 50° (see Fig.
2.6). The tubes and the daisy lobes are attached to this shoulder, the
inlets of which do not all lie in the same plane. The tubes are straight
while the lobes are convergent and have different widths at different radial
locations. The exits of all tubes lie in the same plane (which is also
normal to the nozzle axis) while those for the lobes lie in a conic (Fig. 2.6).
This also means that for a given axial location the flow Mach numbers will be
di fferent at various radial positions.

Undoubtedly, the reflection will depend upon all these features. The
current understanding on the effect of the simple conical nozzle itself on duct
acoustics Is far from well developed let alone a complicated nozzle like the
daisy lobe nozzle. It is therefore not attempted to explain the daisy lobe ‘
reflection coefficients In detall. The results described here will, however,
be borne In mind to correlate and understand the far-fleld data, described
later.

3.1.3 Far-Field Time Histories

Typlcal far-field time histories for the daisy lobe nozzle and the ref-
erence conical nyzzle are shown in Figures 3.9 and 3.10 respectively. Data
for zero, subsonic (Mj = 0.6) and supersonic (Mg = 1.2) Jjet Mach numbers
are shown at © = 30°, 60°, 90°and 120°. The time histories shown here have .
fixed time scale but have arbitrary amplitude scale. The main purpose of
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these figures, however, Is to examine the narrowing or widening of the pulses
as a function of angle and let Mach number.

In fact, there are only minor differences in the far-field signals
for the two nozzles. For zero flow, both nozzles display narrower pulses at
small angles compared to the large angles indicating more high frequency
radiation at small angles. As the jet Mach number Is increased, effect of
refraction becomes obvious in that the pulse at small angles (e.g., 8=30°)
becomes wider indicating depletion of high frequency sound which apparently has
beenh refracted to larger angles as seen by the narrowing of the pulse at
larger angles (e.g. 60°). This effect becomes stronger as the jet Mach

number Is increased from My = 0.6 to 1.2.

Other notable difféerences are the rumber of peaks in the time histories
for the two nozzles. The daisy lobe time histories at large angles (6 = 90°,
120°) show dual pcaks in the far-field time histories while those for the
conical nozzle do not. These peaks are about 0.1mS apart. This could be
due to the difference in path lengths travelled by the radiation through the
tubes, and that through the lobes whose exits are not coplaner with those of
the tubes (the lobes have a slope of 15°). The path difference will become
larger at angles close to 90°.

The pulses for larger angles at M) = 1.2 show considerable contami-
nation by the jet mixing and shock associated noise. Such data points were
not analyzed further.

NTC data obtained from these time histories will now be presented

3.1.4 One Third Octave NTC

TYPICAL NTC SPECTRA. Typical 1/3 octave NTC spectra for the daisy
lobe nozzle at © = 30°, 60°, 90° and 120° for My = 0, 0.4, 0.6 and 1.2 are
presented in Figure 3.11{a), (b), (c) and (d) respectively. These figures
show that at zero flow condition the radiation is predominantly towards
the jet axis for both the low as well as the high frequencies. Effect of
flow is to widen the difference between the radiation at small angles
and that at larger angles with the jet axlis.

As noticed earlier in the far-field time histories, the effect of
refraction at high frequencies Is noticeable here also as the jet Mach
number is increased. This Is reflected as a high frequency decrease at
0 = 30° and a corresponding increase at 8 = 60°. These refraction effects
are best described by examining the radiation directivities at various
frequencies and jet Mach numbers as shown in Figure 3.12. Directivities
for My = 0, 0.4 and 0.8 are plotted for four frequencles, namely LKHz,
8KHz, 16KHz and 31.5KHz in this figure. These resul*" show quite clearly
that as the jet Mach number Is increased the refraction effect becomes
more important. This is indicated by the fact that the NTC values at
small angles to the jet axis decrease with increasing Mach number and more so
at high frequencies. A shift in the peak In directivity with increasing
Mach number is also quite obvious. For example the peak radiation at f=BKHz
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Is at 6 = 10° for M; = 0, at 8 = 40° for M; = 0.4 and at 6 = 50° for M,
= 0.8 (see Flgure 3.12(b)).

How do the radlation characteristics of the daisy lobe nozzle differ
from those of the reference conical nozzle? Can the fact that the reflection
coefficients for the two nozzles were different be accounted for in the
far-field measurements? Results to address some of these questions will
now be presented.

COMPARISON WITH THE REFERENCE CONICAL NOZZLE. A comparison of the
1/3-octave NIC spectra for the two nozzles at 6 = 30°, 60°, 90° and 110° is
made for My = 0, 0.4 and 1.2 in Figures 3.13, 3.14 and 3.15. It is inter-
esting that for My = 0 and 0.4 the NTC values over almost the whole frequecy
range have the same shape. Other data at Subsonic jet Mach numbers (not
shown here) had the same trend also. The same was true of the directivities
as shown in Figure 3.16 for Mj = 0 and in Figure 3.17 for M;=0.4 where the
NTC directivities at 1, 4, 8 and 16KHz are compared for the two nozzles.
With a few exceptions (e.g.Figures 3.16(d) and 3.17(c)) even the NTC direct-
ivities for the two nozzles have the same shapes and nearly the same levels
at zero flow and subsonic jet Mach numbers. This bekavicr is surprising in
that the geometry of the two nozzles is so diffurent but is encouraging in
that it indicates that the equivalent diameter could be used in normalizing
the frequency scale for a complicated nozzle (both nozzles have the same
equivalent diameter of 6.20 cm).

This “area equivalence' has also been verified by Imelmann [3.1] whe
tested different nozzle shapes as well as perforated plates and apertures
and more recently by Salikuddin and Plumblee [3.2] . Bechert [3.3] also
derived an equation to show that only the nozzle exit area determines the
shape of the radiation spectra.

The far-field data at subsonic jet Mach numbers, in general, does not
tie-in with the in-duct reflection coefficient data (see Figures 3.5 - 3.8),
Based upon the reflection coefficient data it was expected that little
radiation would be observed in the far-field for the dalsy lobe hozzle. It
was, however, not found to be so for subsonic Mach numbetrs as shown by a
remarkable collapse of the NTC data of the two nozzles In Figures 3.13 and
3.14. At supercritical conditions (Figure 3.15), howevet, there was some
correlation between the far-fleld data and the reflection coefficient data.
This effect is demonstrated in the 1/3-octave NTC directivities for the two
nozzles also (Figures 3.16 - 3.18).

Because of inadequate signal to noise ratio at many angles for the
conical nozzie,only limited data at My = 1.2 is plotted (Figure 3.18).
Nevertheless, the resuits show that, for this Mach number, the daisy lobe
nozzle radiates less efficiently but only at small angles to the Jet axis.

Of course, a more accurate way to determine which of the two nozzles
radiates more efficiently is to compare the far-fleld acoustic powers rad-
tated by each nozzle for the same incident power. Such a comparison is
discussed In the next subsectlon.
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3.1.5 Acoustlic Power

Figures 3.19 (a), (b) and (c) show a comparison of the far-field
acoustic power spectra normalized with respect to the incldent power spectra
for the dalsy lobe and the reference conlcal nozzle for M) = 0, 0.4, 0.6 and
0.8 respectively. For almost all flow conditions the results show little
difference In the radlated acoustic power levels for the two nozzles. Just
like the NTC spectra and the directivities, the shapes of these power
spectra afe also almost identical for the two nozzles thus further confirming
that equivalent diameter (or eauivalent radlus) 15 a good parameter to incor-
porate in frequency (e.g. as In kR) to compare the nozzles of different shapes.

‘ Other observations that car be made from these far-field acoustic power
plots are summarized below:

(1) For low frequencies (i.e., f<hKHz; kRy<3.8; kRy<2.3) the far-
field acoustic power is aiwazs ess than the Incident ower. This behavior
Ts consistent with what one would expect from theory. It Is known from
duct acoustics that at low firequenclies, the open end of a tube has quite
small resistance, so that very little energy is radiated outside. ''Open
tubes having cross sectiona! perimeters much smaller than the sound wave
length are nearly as good hoarders of energy as closed tubes, for only a
small percentage of the stored energy can be radiated away" [ref. 3.4,

p. 246]. For short wave lengths or high frequencies, the impedance is al-
most entirely resistive, approaching in value the characteristic acoustic
resistance pc. As the fregquency increases, more and more of the energy
reaching the open end is radiated out. This is Indeed what we see at each
Mach number (Figure 3.19).

(2) At each Mach number the low frequency radiated power follows
a 6 dB/octave,i.e. Wg ~w2,relationship. As shown in Figure 3.19, a mean
straight line with a slope of 6 dB per octave can be drawn through the
low frequency data. This proportionality of far-field power (Wg) with w?
canbe explained following the arguments given by Lighthill [3.55. Accord-
ing to Lighthill, for the plane waves propagating in the x direction along
a tube of unlform cross section area A, we can assume simple proportion=-
ality between excess pressure and the component of fluid velocity in the
direction of propagation given by

P - P ™ Pocu (3.1)

Thus |f the plane waves are generated at x=o by a fluctuating noise out-
flow

-1
alt) = AP (u) _ =A c * (p=p,) .0 (3.2)
The excess pressure for x»>o takes the form

P - Po = ca”! q (t-x/c) (3.3)
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The above expression Is true for ore dimensional propagation. If we
were to consider three-dimensional propagation the evcess pressure can be
shown [3.5] to be

PPy = JX (t - R/c) /unR (3.4)

Here It Is assumed that variations of mass outflow q(t) are spread
over a reglon whose dimension is small compaied with c/uw.

Figure 3.20 shows how a positive pulse of mass outflow génerates a
proportional positive pulse of pressure excess in one-dimensional propa-
gation, but generates a pulse of quite different shape obtalined by diffe-
rentiation in three-dimensional propagation. (This is consistent with the
time history shapes as measured In-duct and in the far-field, see Figures
3.9 and 3.10).

From equation (3.4) it is obvious that the far-field acoustic power
(Wg~ (p = po)?) should follow anw? relationship, as indeed it does In the
measured results shown here (Figure 3.17). The incident pulse propagates
as a one-dimensionaliwave while the propagation outside the duct is three-
dimensional.

(3) Effect of jet Mach numbcr on far-field acoustic power is stronger
for the conical nozzle than or the daisy lobe nozzle, is is shown In
Figures 3.21 (a) and 3.21 (b) where data for My=0, 0.4, 0.6, 0.8 and
also for 1.2 are plotted.* Data for the conical nozzle (Figure 3.21 (a))
clearly indicate that more and more of the low frequency incident energy
is radiated to the far-field as the jet Mach number is increased with
opposite effect at high frequencies. Acoustic powers for the daisy lobe
nozzle (Figure 3.21 (b)), however, first decrease and then start increasing
with Increasing jet Mach number. This behavior certainly does not correlate
with the reflection coefficient data where with increasing jet Mach number
higher reflection ccefficlients were obtained for the daisy lobe nozzle thus
implying a reduction in far-field acoustic power with increasing Mach number,

No explanations are currently available for this behavior. It is worth
pointing out, however, that such a behavior has been noticed by others also,
for example by Abrishaman [3.6].

POWER BALANCE. Far-field acoustic power (W¢) will now be compared
with the transmitted acoustic power (Nt). The transmitted power was cal-
culated by subtracting the reflected acoustic power from that associated
with the incident signal measured inside the duct. A comparison of PTF
on this basis for the two nozzles for My =0, 0.4, 0.6 and 0.8 is made In
Figures 3.22 (a), (b), (c) and (d) respectively. In fact PTF, was found
to be almost independent of M) at low frequencies (see Figure 3.23).

* Due to high jet noiee levels the plots for My = 1.2 exclude data ;; a few
angles and actual values may be 3 to 4 dB higher than shown here.
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Figure 3.20

One-dimensional

Three-dimensional

Sound pulses generated by a positive pulse of mass outflow
(varying with time t like (t2 +12)"1, where 7 is constant)

in one-dimensional and three-dimensional propagation. The
pulses (illustrated with arbitrary vertical scales) are
proportional to the mass outflow and to its first derivative
respectively. [Taker from reference 3.5].
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These results are quite Interesting in that the low frequency data once
again shows a second power of frequercy dependence. Instead of obtaining
power balance a decrease In acoustic power is noticed at low frequencies
for all jet Mach numbers including My = 0. Of course, levels at low freq-
uencles can be expected to be higher (by about 2.5 dB), since the far-field
power has been calculated for the angular range of 5° to 125° with the jet
axis. This does not, however, account for the 20 to 25 dB missing near

200 Hz.

Various possible sources of error were first looked into. They are
summarized below but were unable to account for this loss.

(1) Possible Error In Reflection Coefficient. The following

expression was utlilzed for the calculation of the transmitted power:

AD 2 2 It
W't = B-c- Pi (l -lp) (1 + MD) 3.5)
where ) s
1-My \© Pr
p = T;ﬁ;) Tt (3.6)

In terms of decibels, If the value of y is very close to unity, then a
small error In { can cause a considerable error in the calculations of the
acoustic power in decibels. To illustrate this point, the variation of

10 Logyg (1-y) and 10 Log,, (¥) as a function of (I-y) Is shown in Figure
3.24, These plots make l1 quite clear that for large values of ¢ (i.e.
intensity reflection coefficient), approaching unity an error of 1dB in

10 Log ¢ can cause an error of 7 dB or even higher depending upon how
close the value of ¥ is to unity.

With the exception of My = 1.2 data and the first two low frequency
points for the conical nozzle at Mj=0.8 and 1.2, the value of ¢ in the pre-
sent study is mostly less than 0.5. Since y is the product of the reflect-
lon coefficlent and a Mach number term which is always less than unity
and decreases with Mp. ¥ is reduced further and further with Increasing Mp.
Thus most data-points lle In the right half of Figure 3.24(right of the dotted
line shown in the figure). In this reglon an error of 1 db in y produces
less thz 1 dB error in 10 Logyg (1-y) and thus In the power calculation.

We believe that our reflection coefficlents are correct within 1 dB as
demonstrated In Phase 1 studies [3.7] by comp. ring the reflection coeffi-
cients for straight unflanged ducts with Levine and Schwinger's theory

[3.8) and also comparison of data from the impulse technique with similar data
from the impedance tube method.

Error in the measurement of reflection coefficients was thus ruled
out as a possible reascn for the missing low frequency in the power balance

plots.
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(2) Possible non-linear propagation In the far-fleld. Since high
intensity pulses were used In the program it was first suspected that
far-field pulses might not be following an inverse square law,as assumed,
in the far-fleld power calculations. TIime histories were, therefore,
meéasured at varfous distances from the exit of the straight duct. Measure-
ments made at 6=0 , 20°, 60° and 90° as a functlon of distance showed that the
inverse square law was followed at all distances beyond about 3 dlameters
and the pulses had identical shapes at each measurement point. Typical
time historles for 6 =60° are shown in Figure 3.25. These time histories
have been adjusted for Inverse square law by adjusting the amplified gain
setting and are found to be identical in shapes ard amplitudes in the
far-field. Possible non-1inear propagation was thus also ruled out as a
possible candidate to explain the low frequency power imbalance.

Bechert [3.3, 3.9] recently reported the effect of riozzies on sound
transmission to the far-field by injecting pure tones. With the exception
of zero Mach number, his data with flow also shows considerable attenua-
tion at low frequencies. The underlying physical mechanism behind this
low frequency absorption, according to Bechert, is the shedding of
fluctuating vorticity at the nozzle exit. The sound absorption is of the
same kind as the fluid energy losses in a separated flow.

If this explanation fits the present data with flow, it is difficult
to explain the low frequency power imbalance at the no flow condition. It is
conceivable that the sound level at the exit at zero flow was strong
enough to generate vortices (i.e. acoustie streaming) at the nozzle exit.

It was found in this study that the loss at low frequency was
identical at all Mach numbers including M) = O.

Further work is needed to properly understand the above behavior.

3.1.6. Mach Number Effects - Summary

The results for the daisy lobe nozzle and the conica! nozzle tested
statically and unheated can be summarized as follows:

(1) The daisy lobe nozzle displays higher reflection coefficients
than the conical nozzle.

(2) For both nozzles, the effect of flow Is to gradually reduce
the reflection from the jet opening and increase the reflection from the solid
parts (i.e. nozzle shoulder and parts on to which the lobes and the tubes
are attached). At the under-expanded flow condition, all reflection appears
to be from the solid parts.

(3) The trends in variation of reflection coefficient with frequency
are exactly opposite for the two nozzles. The daisy lobe reflection coeffi-

cient Increases with frequency while that for the conical nozzle decreases
with frequency almost at all Mach numbers.
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Figure 3.25 Far-field time historles for 10.16 cm diameter
straight duct at 8=60° as a function of measurement
distance at Mj=0. (amplitudes adjusted for 1/R? law).
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(4) Reflection coefficients at very low frequencies for the conical
nozzle are higher than unity for high Mach numbers.

(5) At zero flowconditions, the radiation is predominantly towards
the Jjet axis. With flow the refraction effect becomes important and the peaks

in the directivities shift towards higher angles.

(6) Deductions made about far-field radiationbased upon reflection
coefficients do not necessarily hold. In fact both nozzles, despite com-
pletely different geometry, and di fferent reflection characteristics show
remarkably similar far-fiecld NTC directivity and PTF except at the highest
jet Mach number (M; = 1.2). At My=1.2 far-field levels are higher for
the conical nozzle.

(7) Exlt area appears to determine the shape and levels of the far-
field spectra instead of geometric details of the nozzle.

(8) The far-field acoustic power at low frequencies follows a 6 ds/
octave law.

(9) At low frequencies, the far-field acoustic power is always less
than the incident power.

(10)  Jet Mach number has little effect on power transmission.

(11) Power balance especially at low frequencies is not
obtained. No firm explanations are available to account for this
missing low frequency.

3.2 TEMPERATURE EFFECTS

Results similar to those presented in section 3.1 for unheated jets
will now be presented for the jets heated to 600K, For this condition the
nozzles were operated at only two jet Mach numbers (fully-expanded) namely,
My= 0.8 and 1.2. Due to ver high jet exit velocities (and therefore high
amplitude of jet-mixing noiseg. the data at Mj=1.2,particularly for the
conical nozzle, was valid only for a few angles. For comparison with the
unheated jets, therefore, only the M; = 0.8 data will be discussed here.

3.2.1 Time Historles

The far-field time historles for the daisy lobe nozzle at Mj= 0.8 are
shown in Figure 3.26 for both the unheated and the heated jet measured at
8 =30°, 60°, 90° and 120°. Corresponding data for the reference conical nozzle
Is shown In Figure 3.27. Both of these figures Indicate that the time
histories at 8 = 30° have become wider as a result of heating the jet. This
Is a result of Increased refraction as can be seen by inspecting the follow-
Ing equation relating the emerging angle 0y to the (incident) angle 6; across
a jet moving at a Mach number My (Ref. 3.10).

Col oy

cos 0; = l/(LU“ W - My) (3.7)
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It Is clear from thls equation that increasing My and/or cy (i.e. jet
temperature) Increases the angle of refraction. These trends were found at
My = 1.2 also, but Inadequate slgnal co nolse ratios at this Mach number
made it difficult to Isolate the pulse at many angles (see Figure 3.28),

NTC spectra were obtained from the Fourier transforms of these far-
fleld time histories and also of those measured In-duct. Since the In-duct
time histories followed a trend similar to that discussed for the unheated
Jets they are not discussed separately. Instead the reflection coefficients
obtained from these tifie histories are presented.

3.2.2 Reflection Coefficients

Effect of heating on reflection coefficlents for the daisy lobe nozzle
at My = 0.8 and 1.2 is shown in Figure 3.29. It is seen that for the sub-
sonic jet Mach number, heating reduces the reflection coefficienzs in most
of the plane wave region, while at My = 1.2, heating increases the reflection
coefficient considerably above unity at low frequencies and decreases it at
higher frequencies (still within the plane ‘wave region,f<2KHz).

Since, as pointed out earlier, even the unheated results on reflection
coefficients can not be explained without further work (primarily theoretical),
no attempts will be made to expalin the reflection coefficients for the heated
data. Beslides, only one heated condition was available, hardly enough to
generalize the conclusions. It Is certain, however, that heating the jet
to 600K affects the low freaquency reflection coefficients considerably. As
for the daisy lobe nozzle, the conical nozzle reflection coefficients also
decrease at low frequencies &s a result of heating. This is shown in Figure
3.30 for My = 0.8. The effect of heating on reflection coefficients of the
conical nozzle is not as drastic as it was for the daisy lobe nozzle.

Nozzle transfer coefficients and power transfer functions for the
heated jets and their relationsh ps with these reflection coefficients will
now be discussed.

3.2.3 One Third-Octave NTC

SPECTRA AND DIRECTIVITIES. Effect of heating on 1/3-octave NTC
spectra at 8 = 30°, 60° and 90° is shown in Figure 3.31. It is found that
the effect of heating is to reduce the NTC value at very low frequencies
(f<koOKz). At higher frequencies, effect of heating Is to increase the NTC
values especially at angles close to 8 = 60°. It is believed that this is
because of refraction effects. This effect Is best 11lustrated by comparing
the directivities of NTC for the unheated and the heated conditlion, as
shown In Figure 3.32 for frequencies of 1, 4, 8 and 16 KHz. Here the un-
heated~jet data for angles smaller than 20° were found to have some instru-
mentation problem (as discovered at a later stage), and Is, therefore, not
plotted. There Ic an indication, however, that the refraction effects at
small angles tend to reduce the far-field radlation and Increase it at larger
angles. That this Is a result of refraction Is further confirmed by the
acoustic power results shown later where it is shown that, except for the
very low frequencies, there is little difference between the acoustic power
transfer functions for the heated and the unheated jets.
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Effect on heating the jet on reflection coefficient
spectra for the daisy lobe nozzle at (a) M;=0.8 and
(b) My=1.2
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Figure 3.31 Heating effects on 1/3 octave NTC spectra of the daisy
lobe nozzle, operated at M; = 0.8
8: (a) 30°, (b) 60° and (c)J 90°
TR e | Ambient; e e e e 600K
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COMPARISON WITH REFERENCE CONICAL NOZZLE. Typlcal NTC spectra at
MJ=0.8 and TR=500K for both the dalsy lobe nozzle and the conical nozzle
are compared in Figure 3.33 at 9 =30°, 60° and 90°, Clearly with the ex-
ception of some low frequency data, there is a general tendency for the
dalsy lobe nozzle to have lower NTC amplitudes. Similar results were ob-
talned at other angles as seen in Figure 3,34 where the NTC directivities
at My= 0.8 and T =600K for both the dalsy lobe nozzle and the conical
nozzle are compared for four frequencies, i.e., 1, 4, 8 and 16 KHz. These
results show that the conical nozzle radiates more efficlently than the
daisy lobe nozzle at almost all angles and particularly so at small angles.
This effect was not so obvious for the unheated conditions. No clear cut
explanation is available for this behavior.

3.2.4 Acoustic Power .

A comparison of the radiation performance of the two nozzles is best
assessed by comparing the radiated far-field acoustic powers for a given
incident power. This Is shown in Figure 3.35. Far-field acoustic power 1
from the two nozzles normalized with respect to the incident power at Mj=0.8
and TR==600K is compared. The shapes of these PTF; spectra are very similar, 1
with no change at low frequencies (up to a frequency of about 800 Hz). There-
after the conical nozzle is 5 to 8 dB noisier than the daisy lobe nozzle.

The 1/3+octave spectra of the power transmission function with respect to
the incident power for the daisy lobe nozzle operated at Mj = 0.8 is compared
for the unheated and the heated condition in Figure 3.36. The general shapes
of the spectra at both conditions are the same with 2 to 3 dB reduction at i
low frequencies (f<12.5KHz) and 4 to 5 dB increase at high frequencies
(F>12.5KHz). The same far-field acoustic power when plotted with respect g
to the transmitted power does not show as much difference except for very
low frequencies (f<500Hz) where the heated jet transmits much less power
than the unheated jet. This is shown in Figure 3.37.

As observed for the heated jets, a low frequency absorgtlon is
noticed for the heated jet. also but instead of following an w® relationship
the PTF follows a w* relationship. Further comments on this will be reserved
until similar data with flight simulation has been examined (see section

3.3.4).

3.2.5 Temperature Effects - Summary ‘

.., -,
Tl L e e e Te e

Effect of heating on the time histories, reflection foefficients, NTC
spectra and PTF spectra have beeh described for both the daisy lobe suppress=
or nozzle and the reference conical nozzle. Data for Mj=0.8 and 1.2 at
ambient conditions and TR =600K were acquired but due to the dominance of
jet mixing noise and shock noise, particularly for the conical nozzle, only
My=0.8 data has been discussed. Effects of heating can be summarized as

follows:

(1) Effect of heating on time histories is to widen them at small "
angles (to the jet axis) and contract them around 65=60°, This effect Is
due to refraction and shows up in NTC directivities as reduced levels at
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NOZZLE TRANSFER FIRICTION, dB

NDZZLE TRANSFER FUNCTION, dB
&
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173 - JCTAVE FREQUENCY, KM A

Figure 3.33 Effect of nozzle geometry on NTC spectra
at MJ=0.8 and TR=600K
9: (a) 30°, (b) 60°, and (c) 110°
- =i}, daisy lobe nozzle, ~0O~, reference conical nozzle
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Figure 3.36 Effect of heating on daisy lobe nozzle far-field
acoustic power normalized w.r.t. incideng rower

at My=0.8
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Figure 3.37 Effect of heating on daisy lobe nozzle far-field
acoustic power normalized w.r.t. transmitted power

at My=0.8.
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small angles and Increased levels at larger angles.

(2) conical nozzles radiate more efficlently than the daisy lobe
nozzle when the jets are heated. This effect is more Important at small
angles to the Jet axis,

(3) For a given incident power,the dalsy lobe nozzle, when heated,
transmits 2 to 3 dB less than the confcal nozzle at frequencles lower than
12.5KHz. At higher frequencies the daisy lobe nozzle radiates 4 to 5 dB
higher than the conical nozzle.

(4)  Power conservation results for the heated data are simllar to
those for the unheated jets. Considerable power loss at low frequencies Is
noticed and it Is even higher than the unheated jets for f<500Hz. Here the
PTF follows a fourth power of the frequency dependence .

(5) As for the unheated jets no clear cut answers are available to
explain many of these results.

3.3 FLIGHT EFFECTS

Results simllar to those presented in sections 3.1 and 3.2 for the
static conditions will now be presented for both nozzles operated under
flight simulation. All data presented here are corrected to ideal wind
tunnel conditions (IWT) using a free-jet shear layer correction program
developed at Lockheed (ref. 3.10). it should be noted that whenever
reference is made to an angle it is the emission angle and not the measured

angle. It was assumed, in these calculations, that the source was located
at the center of the nozzle exit.

3.3.1 Time Histories

Time histories, both in-duct and far-fleld, measured under flight sim-
ulation had shapes very similar to those measured statically, but had certaln
quantitative differences. For eéxample, the In-duct time historles for the
dalsy lobe nozzle oparated at My = 0.6 (unheated) at various tunnel velocities
are shown in Figure 3.38. An Important observation to be made here is that as
the flight velocity Is Increased the relative peak levels between the incident

and the reflected signils change. Similar results were obtained for the con-
ical nozzle.

Far-Field time histories were very similar to those observed for the
static case. Since to study flight effects ohe Is really interested in the
Ideal wind tunnel data, which in this case is obtained by applying angle,
amplitude and distance corrections to the measured free-jet data, there is
not much one can galn from the far-field time histories unless free-jet
corrections are applied In the time domain also. We shall, therefore, pro-
ceed to discuss the NTC spectra obtalned from the IWT data. Some reflection
coefficient data wil', however, be pr- "ented first.
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3.3.2 Reflectlon Coefficients

The reflection coefficlents as a function of freauency for the time
histories presented in Figure 3.38 are shown in Figure 3.39., Reflection
coefficient spectra for My=1.2 (unheated) are also shown. It is clear from
these figures that flight velocity has a consistent trend of either Increa-
sing or decreasing the reflection coefficients, depending upon the frequen-
cies (i.e. low or hIgh,etc). as shown by arrows in the figures. But after
examining reflection coefficlents at other Mach numbers also, it appears that
the effect of flight is to reduce the reflection coefficients (in the plane
wave region) for the dalsy lobe nozzle for 'all Mach numbers. This is
best shown by plot:ing the reflection coefficients as a function of duct
Mach number as shown in Figure 3.40 for frequencies of 400, 630, 800, 1000,
1250 and 1600 KHz. It is found that for the daisy lobe nozzle, the higher the
duct Mach number the higher the difference between the static and the flight
reflection coefficlents. This effect 1s not as dominant for the conical
nozzle as shown In the same figure. As pointed out earlier, since even the
static reflection coufficients are not well understood, It is difficult
to offer a sultable explanation for the observed effects. Theoretical work
in progress at Lockhezed ‘under an [|RAD program to understand these effects.
All that one can say &t present Is that inducing a secondary stream over
nozzles modifles the base pressures which in turn is bound to change the
nozzle termination Impedance and hence the reflection coefficients.

3.3.3 One-third Octave NTC

we shall start out here by presenting 1/3-octave NTC data at My=0 as
a function of free-jet Mach number. 1/3-octave NTC  corrected for IWT
conditions at emission angles of 30°, 60” (reas arc), 90° and 110° (forward
arc) are compared in Figure 3.41 for four free-jet Mach numbers, namely, 0.0,
0.08, 0.16 and 0.24. These results are very similar to those observed in our
earlier studies (ref. 3.10) for NASA Lewis (Contract NAS3-20050)on effects of
flight on jet nolse contaminated with internal noise. There it was found
that flight simulation reduces noise in the rear arc, has little change at
90° and Increases noise in the forward arc. These effects were attributed
to the so-called ''convective amplification' of internal noise by the free
jet. A closer examination of the data presented here discloses the same
trend (ae indicated by arrows in Pigures 3.41 (a) thru 3.41 (d)). Similar
results were obtained at other jet Mach numbers 2lso as shown In Flgure
3.42 for My = 0.8 for che unheated jet. For the heated jets, however, this
effect was not so <irong as shown by the 1/3-octave NTC spectra for My=0.8
and TR=600K in Figure 3.43. This may have been due to the dominance of
jet mixing nolse at certain frequencies. Directivities for the data of
Figure 3.43 are plotted in Flgure 3.44 for three typical frequenclies, namely
1, b and 8 KHz for both the static (My=0) and the flight case (My=23.24).
Here the difference between the static and the flight N1C directivities
appears to be a function of frequency. Even though some "convective ampli-
ficatlion" type of phenomenon appears to be taking place,the results ave
contrary to the popular belief that ''convective amplification' is independent
of frequency. In most published work, however, these effects have been in-
vestigated based upon OASPL only [3.10, 3.11, 3.12].
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Figure 3.44 Effcct free-jet Mach number on NTC directivities
of the daisy lobe nozzle.

f: (a) 1 KHz, (b) 4 KHz and (c) 8 KHz

Mr:=O-, 0.0 and-0-0.24

(My=0.8, T =600K)
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Further work is, therefore, needed to understand these results.

3.3.4 Acoustic Power

Far-field acoustic powers were found to decrease with forward velocity
for all jet Mach numbers. This is shown in Figure 3.45. Far-field acoustic
powers (Wg) normalized with respect to the incident power (W;) for My=0,

0.6 and 0.8 are shown as a function of free-jet Mach number. It s seen
that there is up to 10 dB difference between the static and flight case
(e.g., see Figure 3.45 {(b) and compare My=0.0 and 0.24 data). These re~
sults are further shown as a function of frequency and Vy/c, in Figure 3.46.
Here it is found that the siope of PTF; versus Log (V,/c,) for the static
case remains the same for each frequency but that for the flight case in-
creases with frequency. The flight data is always lower than the static
data.

The reason for the above behavior is not known. It is possible, however,

that the low frequency absorption noticed in the static case has been aug-
mented by the additional vortex shedding from the outer lip of the nozzles.
Due to completely different exit geometries, the shear layer quite close

to the exit in the flight simulation mode is expected to be quite different
in terms of the local velocity and temperature n~radients. |If this is an
important parameter in determining the far-field powers a comparison of
these acoustic powers for the two nozzles should vary with respect to each
other in some systematic manner as the relative velocities between the model
jet and the free-jet are changed. It indeed was found to be so as shown in
Figure 3.47. The far-field acoustic powers, for the two nozzles, normalized
with respect to the incident power are compared in this figure at M;=0.0,
0.6 and 0.8 for a constant free-jet Mach number of 0.24. It is seen that
as the jet Mach number is increased the daisy lobe acoustic power starts
decreasing with respect to that from the reference conical nozzle.

To determine the effect of flight on low frequency absorption noticed
earlier for the static case, the data of Figure 3.47 is replotted by norma-
lizing the far-field power (Wg) with respect to the transmitted power (W¢).
This is shown in Figure 3.48 for My = 0.0, 0.6 and 0.8 and tunnel Mach
number, My = 0.24. Data for both the daisy lobe and the reference conical
nozzle are compared. Similar to the results for the static case, low freq-
uenc¥ absorption is noticed. At M) = 0, the conical nozzle displays more
low frequency absorption than the daisy lobe nozzle., At Mj = 0.6, this
absorption is almost the same for both rozzles while the trend is reversed at
Mj = 0.8 where the dalisy lobe nozzle now displays more low frequency absorp-
tion than the conical nozzle. The reason for this Is not quite clear. It
Is reasonable, however, Lo assume that due to different geometries of the
two nozzles, the flow structure in the wake formed by each nozzle, operated
in the flight-simulation mode, will be different. If the low-frequency
absorption Is indeed caused by the vortex shedding at the nozzle exit, as
proposed by Bechert [3.3], It will undoubtedly be influenced by the fluid-
dynamics of this nozrle-wake. Understanding this phenomenon in detail wiil
require proper flow surveys and flow visua.ization at and downstream of the
nozzle exit which was beyuid the scope of the present program.
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Legend:

Logyq (Vy/cg)

Erfect of free-jet Mach number on the far-field
acoustic power levels of the dalsy lobe nozzle

at various jet Mach numbers and frequencies,

(a) f - 500 Hz, (b) f - 1 KHz, (c) f - & KHz, and
(d) f - 8 KHz.
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Low frequency absorption was noticed for heated Jets also,operated
under flight simulation, as shown In Figure 3.49. Here the PTF; spectra
at My = 0.8 and Tp = 600K for My = 0.08, 0,16 and 0.24 are plotted for both
nozzles. The difference between the PTF; values for the two nozzles changes
as the relative veloclity oetween the main jet and tunnel is varled. Due
to a lack of data at other temperatures It Is difficult to generalize these
results at this stage.

Further work, both experimental and theoretical, is certainly warranted
to understand these results. A theoretical study to understand the low
frequancy absorption has already been initlated at Lockheed.

3.3.5 Flight Effects - Summary

Results for free jet Mach numbers of 0.0, 0.08, 0.16 and 0.24 for
the daisy lobe nozzle and the reference conical nozzle have been presented
for a range of flow conditions. All data have been corrected for ideal wind

tunnel conditlons. The following four conclusions have been reached.

(1) The reflection coefficients decrease with free-jet Mach
number.

(2) There is a tendency for the NTC values to decrease in the rear
arc and increase Ih the forward arc with forward velocity.

(3) Far-field acoustic powers decrease with increasing free-jet
Mach number.

(4)  For My>0, there is more low frequency absorption for the daisy
lobe nozzle (compared to the conical nozzle), and vice versa .t My = 0.

Similar to the results for the static conditions, most results in
this section can not be explained even though they were found to be consis-
tent as a function of free-jet Mach number. A better plan should have been
to complement the experimental program with a parallel theoretical study.
Unfortunately the original program was only to obtaln the nozzle trans-
mission coefficients. A theoretical study to explain some of the observed
effects has now been initiated at Lockheed and the results will be published
in due course.
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3.4 CONCLUSIONS

Important conclusions are summarized below:

Static Data

(1) The dalsy lobe nozzle displays higher reflection coefficlents
than the reference conlcal nozzle at almost all flow conditions,

(2) For both nozzles, the effect of flow is to gradually reducc the
reflecticn from the Jet opening and increase the reflection from the solid
parts (e.g. nozzle shoulder). At under-expanded conditionsall reflection
appears to be from the solid parts.

(3) The trends in variation of reflection coefficients with
frequency are exactly opposite for the two nozzles. The dalsy lobe reflec-
tion coefficient increases with frequency while that for the conical nozzle
decreases with frequency for almost all frequencies.

(4) Reflection coefficients at very low freguencies for conical
nozzles are higher than unity for high jet Mach numbers.

(5) At zero flowconditions, the radiation is predominantly towards
the jet axis. With flow, refraction becomes important and the peaks in the
directivities shift towards higher angle..

(6) Deductions mad: about the far-field radiation based upon
reflection coefficients do not necessarily hold. For static conditions,
both nozzles have remarkably similar far-field NTC directivities and spectra
at subsonic Mach numbers even though the nozzle geometries and the reflect-
ion coefficient characteristics are quite different.

(7)  Exit area of the nozzles appear to determine the shape and
levels of the far-field spectra.

(8) The far-field acoustic power at low frequencies follows an w?
relationship for unheated jets and an w' relationship for heated jets.

(9) At low frequencies, the far-field acoustic pover is always less
than the incldent power.

(10)  Jet Mach number has lictle effect on far-field power, especially
at low frequencies.

(11)  Power balance at low frequencies is not obtained both with and

without flow. No immediate explanations are available for this result at the
zero flow condition.

(12)  when the Jet Is heated, the conical nozzle radiates more efficiently
than the daisy lobe nozzle, especially at small angles to the jet .

103

= — - o T e e . vl < ‘7,., s



P it aent

-~ 3

Flight Simulation Data

n coefficlents, decreases

(13) Forward velocity reduces reflectlo
and Increases radiation

; NTC In the rear arc, has little effect at 90°
= in the forward arc.

(14) Far-fleld acoustlic powers are also reduced under flight simu=

lation.

(15)
to determine the shape and lev
needs to be done to determine
nozzle exit on sound transmission.

Under flight conditions, ex]t area alone may not be a good parameter
els of the far-field spectra. Further work
the effect of true fiow condltions at the

(16)  Under f1ight-simulation, the daisy lobe nozzle displayed more
low frequency noise absorption than the conical noz.ie, exept for My = 0.
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4, TRANSMISSION RESULTS FOR MULTI-CHUTE SUPPRESSOR

Characteristics of internal noize radiation fyom the s6-chute coaxlal
suppressor nozzle tested only siaitically for baith the unheated and the heated
conditlons are presented here. Effects of primaiy ana sccondavy jot Mach
numbera on the nozzle transmission cocefiiclents and the power transfer functlons
arc described first In section 4,1, Results showing the coffects of heating
elther one or both of the coaxial stieams on these tvansmisslun parameters are
then presented In sectlon 4.2. Wherever possible the vesults for the suppressor
nozzle are compared with thaose for the reference coamral nozzle for identical
flow conditions. Finally, the vonclusicis are given in section 4.3.

4.1 MACH NUMHEER FROTS

Experimental results showing the ettects of changing the jet Mach number
ratio for unheated jet conditions on the crensmission characteristics of the
multi-chute suppressor as well as the ieference cnaxial nozzle are presented
in this section. The selection of the primary and the secondary jet Mach
numbers for the present study, as stipulated by NA3A-Lewis and described in
section 2.2,was based upon the representative Mzch numbers of the full-scale
engines. The Mach numbers from one test point tc another did not necessarily
vary in a systematic manner. The limited cest conditions, at which the data
was acquired,were thus not altogether adequate for a fundamental study. The
resulis presented here, therefore, are more representative of trends rather
than conclusive evidence of the observed behavior.

4,1.1 Time Histories

I As described in section 2.1.4, the source section for the multi-chute

' nozzle was different from that used for the daisy lobe nozzle. Mrst, Instead
of a single spark plug, six spark pluys with their gaps located at the foci
of paraboloidal reflectors were used as the impulsive sound source and were equi-
= spaced circumferentially within the annular plenum chamber upstiyeam of the
: nozzle exit. Second, the source section was located only 74 cm upstream of
the exit instead of 6 m as for the duisy lube nozzle. For these reasons, both
the in-duct and the far-field time histories for the multi-chute as well as
the reference coaxial nozzle had different shapes conmpared with those for the
daisy lobe suppressor nozzle vested in 4 difterent facility. For example, the
incident wave, instead of being o singie pulse, now consisted of four sharp
pulses followed by minor fluctuations of much lower amplitude. This incident
signal was found to be repeatat:le for fixed flow conditions. tlhe reflected
= signal, however, was not defined well envugh [or sultable editing and has not
: been considered in this section.

Simllar to the in-duct signal, the far-rield signal also had multiple
: pulses. ldentical signals were measurcd in the far-tield as a function of
. azimuthal angle. Thus it did not matler whether the tar-field arc was along
one of the flow chutes or along one of the vented chutes. The measurements
were made, however, with the polar arc lying in a plane passing through the
center line of the jet system and also one of the flow chutes.
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Typleal in=duct and far-field time histories
and 120° (with the Jet axis) are shown In Figure h,
in addition to the features discussed above, it is
close to the Jet axls are m
indicates that the data at

uch peakler than those at larger angles.
large angles Is domlnated by low frequency asise

at 6=10°, 30", 50°, 90°
1 for Mgy = Mgy = 0.
found that the pulses

This

while that close to the Jet axis contains all frequencles,

As the flow Is superimposed,the high-
refracts to the higher angles.

and MJp =0.6.

The sharp peak at 8= 10°
at 50° of Figure 4.1 has
lobe suppressor, this Is
being refracted to the larger angles.

in the frequency domain.

h.1.2

VARIATION WITH ANGLE.

One Third Octave NTC

measurement angle and jet

This effect

now become much peakier.

frequency sound from small angles
Is shown In Figure 4.2 for Myy;=0.4

has virtually vanished and the pulse
As also seen for the dalsy
indicative of high frequency from the small angles
These results will now be considered

The variation of 1/3-octave NTC spectra with
conditions are presented in Figures

K3 ¢~ 1 4,6

for both the multi-chute suppressor as well as the referes~2 comti.il nozzle.
Details of the relevant conditions for the NTC data pres¢ ted in these figures

Is given below in Table 4.1.

All data i35 for both streams unheated (TR1/TR2==I)

Table 4.1 Operating jet conditions for the data of figures
4,3 th-u b.6.
Figure Nozzle My My vy, /v
No. Type 1 2 277
L.3(a) Mult'-chute 0.0 0.0 -
4.3(b) Ref. Coaxlal 0.0 0.0 -
4.4(a) Multi-chute 0.4 0.6 1.50
4. 4(b) Ref. Coaxial 0.4 0.6 1.50
4.5(a) Multi=chute 0.0 1.2 o«
4.5(b) Ref. Coaxlal 0.0 1.2 o
4.6(a) Multi-chute 0.8 1. 1.40
h,6(b) Ref. Coaxlal 0.8 1. 1.40

It should be noted that,
The spectra in these figu

is compared.

under-expanded conditions (M), =
coaxial nozzle produced much ﬁ

the multi-chute nozzle.
therefore, considerably contaminated
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1.2).

igher jet mixing and
For the coaxial nozzle, t
at larger angles.

for Figures 4.5 and U4.6, only 30° and 60° data
res are for the fan.jet operated at

For these conditions, the reference
shock associated noise than

he pulse in the far-field was,

Comparison at larger
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Figure h In-duct and far-field pressure time histories for
the multi-chute suppressor nozzle at Mj; =My =0
(a) In-duct, (b) 6=10°, (c) g =130°, (d) 6=50°
(e) 8=90° and (f) 120°.
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Figure 4.2  Pressure time histories for the multi-chute
suppressor nozzle at Myy=0.4 and My2 = 0.6

(unheated)

(a) In-duct, (b)

g=10°, (c) 8=130°, (d) 8=50°

(e) 8=90° and (f) 8 =120°
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angles was, therefore; not possible for these conditlons.

A closer Inspection of the variation of NTC spectra with measurement
angle for the multi-chute and the coaxlal nozzle,as presented In Figures 4.3
thru 4.6, show that the spectral shapes for both nozzles are quite similar.
For both of these d :: stream nozzles, the NTC values start decreasing with
frequency flirst and then start rising and then undergo three or four
humps In the frequency domain. ‘With the exception of the 30° data for the
reference coaxlial nozzle (see Figure 4.3(b)), the low frequency values at
various angles are not too different from one another In amplitude Indicating
that the low frequency radiation is quite omnidirectional. At high freq-
vencles the NTC values at a given frequency decrease with increasing angle
for subsonlc conditions (Figures 4.3 and 4.4), a trend found earlier for the
single stream nozzles also. For shock containing jets, however, the NTC
values do not decrease with angle as rapidly for the multi-chute suppressor
nozzle as they do for the reference coaxial nozzle.

COMPARISON WITH DASY LOBE SUPPRESSOR. The most important aspect of
these NTC spectra is that their shapes have little resemblance with those for
the single stream daisy lobe suppressor and the reference conical nozzle pre-
sented earlier in section 3.0. To show this, a typical NTC spectrum of the
daisy lobe nozzle for the no flow condition and that for the multi-chute supp-
ressor are compared in Figure 4.7 for 6=90°. Here the NTC spectra as a
function of absolute frequency are compared. Except at very low frequencies
(below 400 Hz) the multi-chute nozzle NTC values are lower than those for
the daisy lobe nozzle at all frequencies. Similar results were obtained with
flow as shown in Figure 4.8 where 8=90° data for the two suppressor nozzles
is compared for Mjy=0.6 for the daisy lobe nozzle and Mg1=0.4 and Myp=0.6 for
the muliti-chute nozzle. It should be noticed that for both nozzles, the stream
containing the internal noise source is operated at the same jet Mach number.
By comparing the results at 9 =90°, the effects of refraction and convection have
also been eliminated. Thus the difference between the two spectra is primarily
a nozzle geometry effect. Note that any area effects are also not present here.
This foliows from the "area equivalence' effects discussed earlier in section 3.
If the frequencies were to be non-dimensionalized by a factor of /A then the
multi-chute NTC spectra shown in Figures 4.7 and 4.8 will, for all intents and
purposes, not shift with respect to each other since the two suppressors have
almost identical equivalent exit areas.® Why the two spectra are so different
is not amenable to explanations at this stage.

COMPARISON WITH REFERENCE COAXIAL NOZZLE. Variation of 1/3-octave NTC
with angle has already been presented for oth the multi-chute and the ref-
ence coaxlal nozzles. Data for the two nozzles at identical conditions and the
same angles will now be compared.

No flow case
The first obvious condition for this comparison is the no flow case. NTC

spectra for the two nozzles at My, =0 and M), =0 for ©=30°, 60°, 90° and
120° are presented In Fligure 4.9. The spectra at each angle for the two

* Daisy lobe exit area = 30.2 cm?
Multi-chute exit area = 30.4 cm?
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nozzles have remarkably similar shapes and have almost Identical amp) i tudes
for frequencies higher than 800 Hz (kh=0.26). Below 800 Hz, the suppressor
appearstobe a more efficient radiator of internal noise at all angles larger
than 30°. At 30°, the trend is reversed in the low frequency range, 1.e. the
coaxial nozzle is more efficlent now.

A good collapse up to almost 63 KHz Is not too surprising. This is be-
cause some of the Inhouse research at Lockheed has shown that the far-field
NTC  for nozzles can be collapsed up to kD= 8,where D is the diameter of
the nczzle. Assuming that D can be replaced by h,then for the present config-
uration, where h = 1,78 em for both nozzles,the NTC data for th: two nozzles
should collapse up to a frequency of 24.5 Khz. They appear to collapse even
at higher frequencies.

It should be recalled that the reference coaxial nozzle used here was
one of the existing nozzles used for Phase | studies [4.1]. During the de-
sign of the multi-chute nozzle it was possible to match only the values of
the annulus height h and the ratio L/h (=3) with those of the coaxial nozzle,
but the exit areas of the annular jet could not “e maintained the same. The
flow area of the annulus in the multi-chute nozzle was 30.40 cm? while that
in the reference coaxial nozzle was 64.14 cm?. The primary jet exit area
for both nozzles was, however, the same and was equal to 45.6 cm?. Thus,
following the '‘area equivalence'' arguments given earlier, if we were to
compare the data based upon normalized frequency given by k/ Ainstead of the
absolute frequency, where A is the exit area, then the spectra for the
coaxial jet will move to the right by just over a 1/3-octave with respect to
the NTC spectra of the multi-chute nozzle. An inspection of the NTC spectra
for the two nozzles shows that this does not modify the observed results con-
siderably. Actually a systematic study, where h could b¢ maintained constant
and the exit area of the annulus could be varied,and vice versa,is needed to
quantify the effects of the exit area and the annulus height.

Since here the annulus height is the came frr the two nozzles and
the area effects make a difference of only abcut cne-third octave in the
frequency normalization, the rest of the data is coupared based upon absolute
frequency itself. Also, since the shapes ot the HTC spectra for both nozzles
were the same at zero flow conditions, then ui’2r flow conditions, if there
are any differences In their relative shapes they will be attributable to
different flow conditions existent downstream of the respective nozzle e.its.

Subsonie Mach numbers

lyrical results in the presence of flow,comparing the NTC spectra for
the two nozzles at 6=30°, 60°, 90° and 120° are shown for Mgy =0.4, My, =0.6
In Figure 4.10 and for My;=0.8 and My, =0.9 in Figure 4.11. As for the zero
flow case, the spectra for the flow case are similar in shape for the two
nozzles but the reference coaxial data near the humps in the spectra are
higher than those for the multi-chute nozzle.
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it Is thus found that for zero flow and the subsonic flow conditions,
except for a few frequenclies, the multi-chute nozzle radiates either more
efficlently than or at least as efficiently as the reference coaxial nozzle
at almost all frequencles and angles. The only exception is the low frequency
data at 6= 30° at My, =Myp =0 where the multi-chute nozzle Is found to he
less efflicient than %he reference coaxial nozzle,

Similar results can also be seen in the dircctivity plots for the two
nozzles shown In Figure 4.12 for typical 1/3-octave frequencles of 1, 4, 8
and 16 KHz for a typical flow condition of My =0.4 and M), =0.6. It is
interesting to note that despite the odd look]ng NTC shapes, the directivity
shapes are quite smooth and simllar for both nozzles. Observations made above
about the spectral shapes apply here also.

Supersonic Mach numbers

For the fan stream operated at supereritical pressure ratios, the
coaxial jet at small angles is found to be more efficient than the multi-
chute nozzle at all frequencles except at two or three frequencies where
sharp dips in the coaxial data were noticed (see Figure 4.13(a) and 4.14(a)).
At 6=60°, the multi-chute nozzle radiates leses efficiently (by 2 to 3 dB)
compared to the reference coaxial jet at lower frequencies (f<7KHz) and more
efficlently at higher frequencies (see Figures 4.13(b) and 4.14(b)).

Notice that the fan-stream Mach number for the data presented in both
of the Figures 4.13 and 4.14 is 1.2 but the primary Mach number (My.),for
the data presented in Figure 4.13,is zero while it is equal to 0.8 tor the
data of Figure 4.14. Thus any differences in the NTC spectra shown in these
figures should also reflect the effects of the primary jet for internal nolse
radiating through the fan stream. A closer examination of the two figures
shows only minur effects of the primary stream. However, since such tests
were not conducted for other conditions,general conclusions about the effects
of the primary stream can not be drawn from the limited data studied here.

EFFECT OF FAN STREAM MACH NUMBER. Effect of the fan stream Mach number
was found to be more important for the reference coaxial nozzle than for the
multi-chute nozzle. This is shown in Figure 4.15 for 6=30° and Figure 4.16
for 8=260°. In both figures the NTC spectra for the multi-chute nozzle and
also the conical nozzle are presented for two fan-jet Mach numbers, name'y
0.0 and 1.2 with no flow through the primary stream. At 6=30°, both nozzles
show the effect of refraction at high frequencies which is to be expected.

At low frequencies, however, both nozzles appear to radlate more efficiently
for the higher Mj,. This effect of the fan jet Mach number is stronger for
the coaxial nozzle than for the multi-rhute nozzle.

4b.1.3 Acoustic Power

Since the reflected signals were not processed for the dual stream
nozzles, the far-field acoustic power normalized with respect to only the
incldent acoustlc power, f.e. PTF;, Is ccnsidered here. PTF; spectra for
three flow conditions of My,, My, of 0.0, 0.0; 0.4, 0.6 and 0.8, 0.9 are
presented In Figure 4.17 for both nozzles.
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The zero Mach number data (Figure 4.17(a)) are particularly revealing
in that beyond f =800 Hz, the spectra for both nozzles are almost identical;
irdicating that, in the absence of the flow, the geometry of the nozzles
dees not affect the amplitudes of the far-fleld radiation except at low
frequencies. At low frequencies the suppressor nozzle radlates more effic-
lently than the reference coaxial nozzle.

With flow the multi-chute hozzle appears to radlate more efficiently
than the reference coaxial nozzle at almost all frequencies (e.g. see Figures
L.17(b) and 4.17(c)).

The spectral shapes of the acoustic powers presented are quite different
from those obtained earlier for the single stream nozzles. For example, here
the low frequency power decreases with frequency while that for the single
stream nozzle was found to increase with frequency. Reasons for these dif-
ferences are not known and further work needs to be done to understand these
results.

4.1.4 Mach Number Effects - Summary

The results for the mul ti-chute suppressor nozzle and the reference
coaxial nozzle tested statically and unheated can be summaried as below:

(1) Due to different source-section configuration for these nozzles,
the in-duct and the far-fleld time histories consist of amulti-pulsed incident
signal and are thus different from those obtained for the daisy lobe nozzle.
It was not possible to properly isolate the reflected waves in this case.
Reflection coefficlent data are, therefore, not presented.

(2) Far-field radiation was found to be azimuthally symmetric.
(3) Low frequency radiation for both nozzles is omnidirectional.
(4) Dominant radiation for both nozzles s close to the jet axis.

(5) The multi-chute nozzle is a less efficient radiator of internal noise
than the single stream daisy tobe nozzle (and therefore the conical nozzle).

(6) The NTC spectra and the directivities for the multi-chute and
the reference coaxial nozzle are remarkably similar in shape and in most
instances in ampl i tude also. It Is below 800 Hz, that the suppressor
radiates more efficlently at all angles except at angles smaller than 30°
where the trend is opposite.

(7) For a flixed fan-jet Mach number, the primary jet has negligible
effect on the transmission characteristics of these nozzles.

(8) Low frequency radlatlon Increases with increasing fan-jet Mach
number.

(9) At My=0, the far-field acoustic powers,normalized with respect
to the incident acoustic powers, are identical for the suppressor and the
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reference nozzle for frequencies higher than 800 Hz. Below 800 Hz the
multl-chute suppressor radlates more efficlently.

(10) With flow, the suppressor radiates more acoustic power than the
reference confcal nozzle at all frequencies.

4.2 TEMPERATURE EFFECTS

Results similar to those described in section 4.1 for unheated jets
wl11l now be presented for the heated jets. As already described in section
3 measurements were made only at a few test conditions as shown in Table
"026

Table 4.2 Multi-chute suppressor operating conditions
for the heated jets.

LTﬁzt Myq Mig | TRy (K) Tro(K) | Vyp/vy,
=]
1 0.8 | 0.9 AMB 600 1.56
2 0.8 | 0.9 AMB 900 1.93
3 0.8 | 0.9 450 600 1.27
b 0.8 0.9 675 900 1.31
5 0.8 1.2 AMB 600 2.05

Data was obtained for both the multi-chute suppressor as well as the
r.".-ance coaxial nozzle for the above conditions. Due to very high jet
ve ocities (and therefore high amplitude of jet mixing noise), the data for
My, =1.2 (test no. 5), particularly for the reference coaxial nozzle,was
va%id only for a few angles. Similarly, the data for test no. 4 was con-
taminated with jet mixing noise at many angles,both close to the jet axis
where jet mixing noise is normally dominant and at 90° and In the forward
arc where the pulse amplitude is normally low. For this reason data for
the first three tests of table 4.2 only are discussed here. At other
conditions, the data for those angies where the far-field pulse was detect-
able Is shown In the print-outs given in Appendix C along with the rest of
the data.

Ih view of the restrictions described above only two aspects of
nozzle transmission are addressed here. These are:

(1) Effects of Tpy for fixed Myy, Myy and Tgy (Myy=0.8,
My, =0.9, Tgq=amblient)

(2) Effects of Tpy for fixed My;, My, and Tg, (My,=0.8,
My, =0.9 and TR2=600K).
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b,2,1 Effect of Heating the Fan Jet

Effects of heating the fan jet for MJ,==0.8 and MJ2==0.9 are shown
in Figure 4.18, One-third octave NTC spectra at 30°, 60%, 90° and 120°
are compared for Tp, =ambient, 600K and 900K. For cach of these condltions
the primary jet was operated unheated. With the exception of the 90Y data,
the effect of heating the fan jet from ambient to 600K is to reduce the
far-fleld radiation. Heating it further to 900K, however increases the far-
field radlation at almost all frequencies. Inspection of similar data for
the coaxial nozzle revealed that on heating the fan jet from ambient to
600K reduced the NTC values only for 60° and that also only at low freq-
uencies. At other angles, effect of heating was mostly to incre: .e the
internal noise radiation. This coaxial nozzle data is shown in Figure 4,19
for the same condition at which the multi-chute data of the previous figure
(Figure 4.18) were obtained.

It should be noted that for some of the angles, the 900K data have not
been plotted since the jet mixing noise at these angles was more dominant
than the far-field pulse itself. |In view of the limited data, therefore,
general conclusions can not be drawn from these results.

The data for the ambient and the 600K condition, however,indicates
that for prediction purposes the effect of heating must be taken into account
in working out a normalizing parameter for the frequency. For example, if
the multi-chute data of Figure 4.18 for these two conditions are plotted
as a function of kh instead of the absolute frequency, most of the humps
in the spectra for the two conditions are found to lie under each other.
Due to different speeds of sound (c) for the ambient and the 600K conditions
the wave number k (= 2xf/c) for the heated condition in this case is 1.4
times larger than the ambient condition. This means that ,to compare the
heated data on a kh basis,one should shift the heated jet spectrum to the
left with respect to the ambient jet spectrum. When this is done, as shown
in Figure 4.20, the two spectra show remarkable similarity. Only the 90°
data shows some dissimilarity at low frequencies (f<1KHz). For other angles,
the main conclusion to be derived from these results is that heating the
jet to 600K reduces the radiation efficiency at almost all values of kh. On
this basis, the differences in NTC  between the ambient and the heated
conditions are largest close to the jet axis.

The above observations about the NTC are true for the far-fileld
acoustic powers as well. For example, the far-field acoustic powers normal-
ized with respect to incident acoustic powers for the two conditions of the

‘previous figure were found to have very similar shapes when compared on the
non-dimensional frequency (kh) basis as shown in Figure 4.21. It is found
that the effect of heating the fan-jet is to reduce the far-field radiation
between 1 to 10 dB. Similar results were found for the reference coaxial
nozzle. This is Indicative of some form of shielding effect but a syste-
matic study is needed to properly quantify these effects.
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A

4.2.2 Effect of Heating the Primary Jet

strictly speaking only two test conditlons, namely test numbers 1 and
3 of table 4.2 were avallable to determine the effects of heating the primary
jet with other parameters remaining constant. Out of these two test polnts
the latter was contamlinated by Jet mixing nolse at many angles due to higher
primary Jet velocities. Reasonable data was avallable only at ©=60° and
90°, A comparison of the 1/3-octave NTC spectra at these angles for the
above two conditlons (TRy=ambient and 450K with MJ1=°.8, My, = 0.9 ard
TR, = 600K) Is made In Figure 4.22(a) and (b) for 8=60° and 963 respectively.
Thése results show that the far-fleld radlation of Internal nolse from noise
sources imbedded within the fan stream,upstream of the fan jet exit,are not
strongly influenced by the temperature of the primaiy stream. Compared to the
unheated primary jet condition the NTC  are found to be somewhat higher
for the heated primary jet cendition.

4,2.3 Temperature Effects - Summary

Effects of heating either one or both of che streams of the multi-chute
and the reference coaxial nozzle on transmission characteristics of internal
noise within the fan stream were investigated. Only limited conditions were
tested and valid data was obtained for even less number of test conditions
due to the dominance of jet mixing and sometimes shock-noise at imany angles
for the higher temperatures and Mach numbers. This was particularly true
for the reference coaxial nozzle. Results presented here are thus more re-
presentative of trends rather than conclusive evidence of any phecriomenon.
The observations made about the temperature effects can be summarized as
follows:

(1) For fixed Mjy, My, and Tg,, the multi-chute suppressor radiates
less efficlently at TRy =600K and more efficiently at TRy = 900K with respect
to the unheated fan jet.

(2) kh is a good normalizing frequency parameter for the configurations
studied here.

(3) For fixed My, My and Tp,, changing the primary jet total temp-
erature tends to increase t%e far-field radiation.

4.3 CONCLUSIONS

Concluslons for this section basically consist of the sunmaries for
the Mach number effects and the temperature effects which have already been
given in subsections 4.1.4 and 4.2.3 respectively and are therefore not
repeated.
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5.  DEVELOPMENT OF SIGNAL AVERAGING TECHNIQUE
FOR TRANSMISSION STUDIES

A1) acoustic data presented In the last two sections and also that
obtalned in Phase 1 [5.1] was based upon s single pulse analysis scheme
where the pulse was produced by a high volcage spark discharge. it has
by now become quite obvious that, in this method, whenéver high levels of
Jet mixing or shock associated noise are superimposed as a background on
the impulse received in the far-field,the pulse is either not detectable
at all or there is considerable spectral contamination by the jet noise.

This problem is found to be particularly severe close to the jet axis where
the refraction effects reduce the pulse amplitude while the convective
amplification increases the jet mixing noise and also at angles close to
90° and higher than 90°, where the pulse noise level is naturally low ,
while the shock associated noise from the supersonic jets is dominant.

In addition to this low signal to noise (S/N) ratio problem, a number
of results obtained for the four nozzles investigated in this study, for
those conditions whose S/N ratio was adequate,contradicted many of the
conventional notions about transmission of sound through ducts and nozzles.
For example, a comparison between the transmitted acoustic power (calculated
from the in-duct measurements) and that measured in the far-field indicated
a low frequency loss of up to 20 dB even when there was no flow through
the nozzle system. Also at times, the predicted acoustic behavior in the
far-field based upon the reflection coefficient data contradicted the
measurements. For example, if the reflection coefficients decreased, one
would expect to measure increased far-field sound levels but decreased far-
field levels were measured instead.

Since high intensity pulses (spectrum level at the nozzle exit =
130 dB) were generated by the spark discharge, it was suspected that possible
non-linear problems associated with high intensity sound could be instru-
mental in explaining the above anomalies.*

The spark source had some other inherent operational problems as well.
In particular, a high voltage electromagnetic pulse was generated whehever
the spark was discharged. This led to numerous Instrumentation and equip-
ment problems. Furthermore, several minutes were required between dis-
charges to recharge the capacitor bank.

In view of the above problems, a different technique was sought which
could eliminate or minimize the above problems but at the same time retain
the advantages of the impulse technique. Attempts were therefore made
to develop a signal averaging technique . By this technique, a sufficient
number of individual records are averaged, the stochastic contribution
from the jet mixing noise should average to zero with a clean recovery of
the pulse in the time domain. The other two main problems of very high
noise levels (thus the associated possible non-linear effects) and the

* Based upon the results described in this section, similar results were
found for low intensity sound as well.
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electromagnetic radiation associated with the spark source can also be elim-
inated by this method.

The signal averaging technique was, therefore, first developed. An
experimental Investigation was then carried out with two objectives: (1) to
substantiate the accuracy of the results obtained using the spark:discharge method
for Tow Mach numbers (M;<0.8), and (2) to illustrate that for higher Mach
numbers acoustic drivers in conjunction with signal averaging technique can
be used instead of the spark discharge method.

The principle behind sighal averaging for this investigation is first
described in the next section. The actual method and the instrumentation to-
gether with the test plan are then described in section 5.2, This is fol lowed
by the test results in section 5.3. Finally, the general discussion and con-
clusions are presented in section 5.4,

5.1 PRINCIPLE OF SIGNAL AVERAGING

Signal averaging, sometimes also referred to as signal recovery, is
averaging of time domain data containing a repetitive wave form (signal) con-
taminated with noigse. It can recover repetitive wave forms from noise even
when the raw data seems to contain little or no useful information.

In signal averaging the input signals are sampled at fixed time intervals,
converted to digital form and then the sampled values are stored at separate
locations in a memory. The sampling process is continued for a preset number
of repetitions of the desired signal. The process is started out by storing
the sample values in a memory, with each memory location corresponding to a
definite sample time. Then, during subsequent repetitions, the new sample
values are added algebraically to the values accumulated at the correspondiny
memory locations. After any given number of repetitions, the sum stored in
each memory location is equal to the number of repetitionstimes the average of
the samples taken at that point on the desired waveform.

To find the start of each repetition, a synchronizing signal must be avail-
able. Of course, the waveform cf interest need not be periodic, but it must
repeat exactly following each synchronizing pulse.

This simple summation process tends to enhance the signal with respect to
noise. The signal portion of the input is a constant for any sample point, so
its contribution to the stored sum is multiplied by the number of repetitions.
On the other hand, the notse - which is random and not time-locked to the
signal - makes both positive and negative contributions at any sample point
during successive repetitions. Therefore, the noise portion of the stored sum
grows more slowly than the signal portion.

This is a qualitative description of the signal averaging technique. A
simple formulation can also be derived to determine the number of averages
required to provide desired improvement in the S/N ratio. Following Trimbie
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[5.2] let the input be
noise portion n(t). Let the kth repetition of s(t) begin at time ty (and let

t{ =o0). Then

practical cases be assume

f£(t), composed of a repetitive signal portion s(t) and a

f(t) =s(t) +n(t) (5.1)

Let samples be taken ever T seconds, then
F(t + 1T) = sty + IT) + nley + iT)
= s(iT) + n(g + iT)

For a gliven | and k, n(t, + iT) is a random ~riable and can in most
d to have a mean value of = o and an r.m.s. value of

say 8. And for different k's the noise samples are usually statistically

independent.

Now the signal to noise ratio, (S/N) for the ith point on any particular

repetition can be¢ given by
sn = D (5.3)

After m repetitions, the value stored in the ith memory location is

m m m
§ £t +iT) =) s(iT) +) nlg +iT)
k=1 k=1 k=1

m
=ms(iT) + )1 nlt +iT) (5.4)

k=1
Since the noise is random and the m samples are independent, the mean
square value of the sum of the m noise samples is mg2, and the r.m.s. value
is B/m . Therefore, the signal - to - noise ratio after summation is

(S/N)_ = "?‘3‘57(59 =/ m (S/N) (5.5)
m

signal-to-noise ratio by a factor

Thus summing m repetitions improves the
ise ratio by 20 dB (a factor of 10)

of Y m . Thus an enhancement of signal-to-no
will require 100 separate repetitions.

s were used in the present investigation which

A total of 1024 repetition
io by 30 dB over the single-shot spark source

improved the signal-to-noise rat
technique.
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5.2 METHOD AND TEST SET-UP

5.2,1 The Source Section and the Instrumentation

A schematic showihg the signal averaging procedure as adapted for the
present Investigation is given In Figure 5.1. A sharp pulse was fed
through four electro-acoustic drivers into a source sectlon. The electronic
pulse that excites the drivers was also used as the triggering (or the synchro-
nizing) signal which was fed to the real time analyzer SD-360 along with the
actual pulse contaminated with jet-mixing noise. Typical time histories of
the electronic signal fed to the drivers and used as the trigger signal;to-
gether with the output of the drivers, jet mixing noise and the pulse before
and after signal averaging are shown in Figure §5.1.

The source section, shown in Figure 5.2, consisted of four 100 watt
electro-acoustic drivers arranged around the circumference of a 10 cm diameter
duct connecting the test nozzles. This source section was physically located
at the same position in the supply duct where the spark source was originally
located for the daisy lobe ahd the reference conical nozzle.

The induct measurements were made by a 0.64 cm (1/4 in.) diameter B and K
microphone (type 4136) mounted flush with the duct wall and was located 120 cm
upstream of the nozzle exit. The far-field measurements were made by 1.28 cm
(172 in.) diameter B and K microphones (type 4133) mounted,on a 1.2 meter radijus
polar arc,between the jet axis and 120° with the jet axis at 10° interval.

~ Other measurement and analysis details are identical to those described
earlier for the spark discharge source except that the incident; reflected and
the far-field pulses were now signal-~averaged.

5.2.2 Test Plan

Since the present investigation was only a mini-study, designed primarily
to substantiate the accuracy of the results obtained by using the spark dis-
charge method and also to provide adequate data at high jet Mach number, data
for only a limited number of test conditions was obtained. These are given in
Table 5.1.
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Table 5.1 Test plan for the data obtained with signal averaging.

~Type Jet Mach | Temperature
Test of Number
Condition Nozzle (My)
i Daisy Lobe 0.0 Ambient
2 Daisy lobe 0.6 Ambient
3 Daisy lobe 1.2 Ambient
h Conical 0.0 Ambient
5 Conical 0.6 Ambient
6 Conical 1.2 Ambient

5.3 TEST RESULTS

£.3.1 Input and Output Signals

-

To investigate the internal noise transmission up to high enough fregquen-:
cies the acoustic drivers must be capable of producing adequate levels of sound
at all frequencies of interest. The spectral content of the output of the
acoustic drivers, on the other hand, depends on the spectral content of the
input signal and the frequency response of the drivers.

For this investigation an impulsive electronic signal, shown in Figure
5.3(a), was fed to each driver, periodically, at an interval of 33.33 ms. The
spectrum (i.e. spectral content of the input signal) of this signal fis shown in
Figure 5.3(b) which is plotted up to 15 KHz (with 30 Hz bandwidth).

A typical time history of the output signal recorded by the in-duct
microphone (after averaging) with the conical nozzle termination is shown in
Figure 5.4(a) for zero flow conditions. The narrow band spectra (with 30 Hz
bandwidth) of this incident pulse is shown in Figure 5.4(b). Due to the poor
frequency response of the acoustic drivers, their acoustic output is very low at
high frequencies. Therefore, the output of the acoustic drivers at higher
frequencies needs to be improved. In view of the preliminary nature of this
investigation, all the data analysis was, therefore, restricted to 10 KHz only.
This frequency limitation was not considered to be a major restriction since one
major objective was to resolve the low frequency absorption noticed at zero
flow.

5.3.2 Recovery of the Pulse from the Dominant Jet Noise.

The random signals, plotted in Figure 5.5, show the time histories of the
transmitted signal contaminated with jet noise for Mach numbers of 0.6 and 1.2
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at varlous polar angles for the dalsy lobe nozzle, It Is Impossible ta Identify
the presence of the transmitted impulsive signal from this data. However, after
signal averaglng, these pulses stand-out clearly, as shown superimposed in a
darker shade over the contamlnated signal of Figure 5.5. Results similar to
these were obtained for the conical nozzle and proved that the signal averaging
technique is Indeed a highly effective way of recovering the pulses buried In
the jet mixing nolse.

5.3.3 Comparison between the Spark Discharge and the Averaged Signal

Figures 5.6 and 5.7 show the comparison of far-field tims histories for
the daisy lobe and the conical nozzles, obtalined using single spark discharge
and averaged signal using acoustic drivers for Jet Mach numbers of 0.6 and 1.2,
respectively, at various polar angles. It is noticed that for the same con-
dition of Mjy=0.6 the transmitted pulses, obtalned using an acoustic driver source
(without averaging), shown in Figure 5.5, are highly contaminated but those
shown In Figure 5.6 obtained usinga single spark discharge displays well defined
shapes at each angle. This is due to much higher intensity of the spark (is-
charge source compared to the output of the drivers.

Ata jet Mach number of 0.6(see Figure 5.6), the signals obtained by
single spark discharge and by signal averaging are quite clean. Therefore, it
is expected that the spectral data for this condition, obtained by both the
methods should compare well; which is shown, in the latter part of this section,
to be true.

In Figure 5.7, where the far-field signals are compared at Mj=1.2 as
obtained by both the methods, oneé does not see the same trend as found in
Figure 5.& for My=0.6. In this case, even for a spark discharge source, which
was very intense, the transmitted pulse is not identified in the forward arc
for both the nozzles. At those angles also, where the pulse appears to be
present, it is highly contaminated. In contrast, the far-field signals obtained
by signal averaging are clean at all polar angles for both the nozzles. In this
situation, one should, therefore, expect to get more accurate results using the
data obtalned from the signal averaging technique. Data from the two schemes
will now be compared in the frequency domain.

5.3.4 A Comparison of Spectral Data

NTC AT LOW MACH NUMBERS: Figure 5.8 shows the comparison of NTC for the
daisy lobe nozzle for Mj=0 and Mj=0.6 at polar angles of 60° and 90°, ob-
tained using the single spark discharge method and using the signal averaging
method. For zero flow conditlions, as shown in Figure 5.8(a), the agreement
between the NTC values obtained by both the methods is excellent, except for
very low frequencies (i.e. around 200 Hz). However, at Mjy=0.6 (see Figure
5.8(b)), though the overall agreement is good, the lower frequency NTC values
obtained by signal averaging appear to be slightly higher compared to the NTC
values obtained by spark discharge. As discussed later in section 5.4 one of
the possible reasons for such a discrepancy could be the higher intensity of
the signal generated by spark discharge. Another possible source of error
could be the jitter of the impulses during averaging, a problem yet
not resolved in this Investigation (see section 5.4), However, the degree of
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agreement, based upon a preliminary

investigation, is rather good, and as

observed In this flgure, substantiates the quality of the data presented earlier

in this report, using the spark disc

harge method, at least for lower jet Mach numbers.

NTC AT HIGH MACH NUMBER. Figure 5.9 shows the comparison of NTC spectra
for the dalsy lobe nozzle for My=1.2 at polar angles of 60° and 90°, obtained
by the two methods. Though the far-field time history ai 8=60° for the spark dis-

charge case, as seen in Figure 5.7,
the NTC spectrum compares well with

is slightly contaminated with jet noise,
that obtained by signal averaging. Where=

as at 8=90°, where the Jet noise was dominant over the transmitted pulse (see

Figure 5.7) for the spark discharge
two methods is very poor, which was
ditions, the signal averaging seems

case, the NTC spectra agreement between the
expected. Therefore, for higher flow con-
to be a more accurate method to evaluate

internal noise transmission characteristics of nozzles.

ACOUSTIC POWERS. F.gure 5.10
functions for the daisy lobe nozzle

shows the comparison of power transfer
obtained by the spark discharge and by signal

averaging methods at My =12 and My=1.2. As expected, the agreement between

the power transfer functions at My=0, obtained by both the methods, is very
good. However, at My = 1.2, the power transfer functions, obtained by both the
methods, also agree well even though the individual NTC spectra do not compare

well in the forward arc (see Figure

5.9). It could be due to higher values of

NTC around 6 =60° where the comparison between NTC spectra obtained by both

methods, as shown in Figure 5.9, is
culations are primarily affected by

The main purpose of presenting
is to show that the low frequency ab
method is still noticeable indicatin

good and the power transfer function cal-
these high levels.

these acoustic power comparisons, however,
sorption noticed with the spark discharge
g that it must be a genuine phenome~on.

REFLECTION COEFFICIENTS. Figure 5.11 shows the comparison of reflection

coefficient spectra for the daisy lo
signal averaging methods at My=0 an

be nozzle obtained by the spark discharge and by
d My=1.2. The agreement between the

reflection coefficient spectra .is very good up to first radial cut-on freq-

uency (= 4 KHz) for My=0 and up to
higher frequencies is mainly due to

1.25 KHz for My=1.2. The discrepancy at
the difference in higher mode contents in

the signals, by the two methods, since the higher mode contents are influenced
by the source orientation and strength.

Since the objectives of this i

nvestigation are fulfilled by discussing

the daisy lobe nozzle data, presented in Figures 5.8 through 5.11, the conical

nozzle data are not presented here.

however, similar observations were made

from the results obtained for the conical nozzle also.

5.4 DISCUSSION AND CONCLUSIONS

g.h,1 Effect of Source Intensit

It has been observed in the Fi
uencies, the NTC, power transfer fun

y on Nozzle Transmission Characteristics

gures 5.8 through 5.11 that, at lower freq-
ctions and reflection coefficients, obtained

by the signal averaging method are relatively higher compared to the corresponding
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single shot spark source ( @ ) and acoustic
source with signal averaging ( O ) for daisy
lobe nozzle, My=1.2
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values obtained by the spark discharge method. Since the spark discharge intensity
was much higher compared to the output of the drivers In the signal averaging
technique, it was felt that the discrepancy mentioned above could be due to the
intensity of the source type. To substantiate this hypothesis some tests were
conducted for a 10 cm diameter duct using a spark discharge source with varying
spark discharge voltage. Three different spark discharge intensities are
considered here, for which the discharge voltages were L Kv, 7 KV and 10 KV.

The corresponding narrow band ( bandwidth = 40 Hz) spectra of the incident pulses
are plotted in Figure 5,12, It Is observed that the SPL values for 10 KV dis-
charge voltage are about 20 dB higher than those for 4 KV discharge voltage
test. Similarly the far-fleld transfer functions obtained for the tests with

L KV and 7 KV discharge voltages with respect to those for the 10 KV case are
plotted in Figure 5.13 for polar angles of 60°, 90° and 120°. If the above
hypothesis Is true, then the relative transfer functions plotted for 4 KV and

7 KV in Figure 5.13 will show positive values. In fact, for lower frequencies,
(up to 3 KHz) where the spectral levels of the incident—pulses are high (see
Figure 5.12), the relative transfer functions appear to be identical for each
discharge voltage.

It should be noticed that the data shown in Figures 5.12 and 5.13 are
for a 10 cm diameter straight duct. With the nozzle attached to this duct,
the acoustic fntensities at their exits will, however, be somewhat higher .
What effect the nozzles have on the NTC as a function of sound intensity is
not quite clear and needs further investigation.

Results presented here for the straight duct, huwever, do not explain
why there are differences, even though not large, between the two methods as
noted earlier. Other reasons must, therefore, be found to explain these
di fferences.

5.4.2 Effect of Jitter on Signal Averaging

During the analysis of the present data using signal averaging, it was
observed that even for zero flow, minor jitters were present in the signal as
it was being averaged. These could be due to slight changes in the physical
conditions while acquiring the data. Such effects could be even more pro=
nounced in the presence of the tlow where physical conditions are difficult to
maintain constant. It is conceivable that this effect was responsible for the
differences noticed in the data obtained by the two methods.

5.5 CONCLUSIONS

Minor differences were noticed betweenh the data obtained from the two
methods. It was, not possible to establish precise reason(s) for these diffe-
rences. Orlginal objectives, however, were basically accomplished. In view
of the preliminary nature of this investigation, the agreement, onh the average,
between the two schemes was quite good. The signal averaging technique also
proved to be superior over the spark discharge method for the higher flow
conditions.
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5.6 FUTURE WORK
The slignal averaging technique described here Is undoubted'y a superlor
technique to determine the transmission characteristics of the nozzles. Two
5 particular aresas, however, require considerable further work. These are con-
- cerned with (1) Increasing of the range of frequencies over which the acoustic
. drivers produce strong acoustic signals and (2) the jitter effect while aver-
- aging.
A
o These problems are now under investigation at Lockheed-Georgia Company.
-
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6.  MISCELLANEOUS RESULTS AND FINAL CONCLUSIONS

The work presented In this report describes an experimental program for
understanding the characteristics of Internal nolse radiation through multi-
clement, single as well as dual stream, mechanica) suppressors. Over and
above the transmission results, some other interesting results were also ac-
quired as a by-product of this study. These primarlly concerned the jet-nolse
amplification and the suppression of jet mixing and shock-associated noise.

Due to their interesting nature, some typical results are presented in the next
section under 'Miscellaneous Results''. This section also includes base pressure
profiles with and without the tunnel flow for the single stream daisy lobe
suppreéssor. General discussion followed by the final conclusions are then pre-
sented.

6.1 MISCELLANEQUS RESULTS

6.1.1  Jet Noise Amplification

It has recently been shown by many researchers [6.1, 6.2] that above a
certain excitation level, broad band jet noise can be amplified considerably
by pure tone or broad band sources. Such effects were noticed in the present
results also.

Typical far-field time histories measured at 70° for My=0 and M;=0.6
for the daisy lobe nozzle are shown in Figure 6.1(a). The corresponding in-duct
time histories are shown in Figure 6.1(b). The amplification of jet noise
following the pulse is quite obvious in this figure which first gets amplified
and then decays to a level that existed prior to the pulse.

Results with signal averaging presented in section 5 indeed confirm the
presence of this jet noise amplification. Due to the stochastic nature of
both the unamplified and the amplified jet mixing noise, it is virtually aver-
aged out to zero after many averages. It was found that the averaged far-
field pulses did not display amplification following the main pulse (for example
see Figure 5.6). This indicated that the amplified part of the time history
obtained using a single shot spark source was not related to the pulse but to
the jet mixing nolse,

Similar results were obtained at other angles and Mach numbers with
maximum amplification noticed at 50° to the jet axis. Limited data inspected
from the jet-noise amplification point of view for both the daisy lobe suppressor
and the conical nozzle disclosed that jet noise amplification by upstream
pulses was significant only for the dalisy lobe suppressor nozzle for which
the jet mixing noise was considerably lower than that for the reference conical
nozzle.

Similarly, the dual stream nozzles did not appcar to indicate strong
Jet noise amplification following the pulse.
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6.1.2  yJet Mixing Nolse

STATIC DATA, Typlcal 1/3-actave SpL for the two nozzles operated at
TR = 600K for My=1.2 are shown In Figure 6.2, Spectra at Polar angles of 30°,
60°, 90° and 110° are pPresented, Clearly, maxlmum reduction |s obtained at
0=30° The Peak SPL has reduced by aboyt 25 dB. Even though the Jet is ope-

nated by jet mixing nolse at all frequencies, At 0=90° ang In the forward arc
shock assoclated noise Is dominant at high frequencles and the jet mixing noise
at low frequencies, Comparison of the spectra for the conical and the suppres-

the jet mixing nolse and Peak levels of the shock assoclated nolse. In addition
to reduction |n peak levels g frequency shift In the Spectrum of the suppressor
with respect to the conlcal nozzle Is also notlced, This s attributable to
shock-¢cel noise from the smaller elements of the suppressor.

mixing by the additional entrainment air for the multi-1obe multi~tube nozzle the
mean velocities decay quite rapidly and therefore the majority of the noise-pro-
ducing turbulent eddijes in the plume convect downstream at a substantially

lower velocity than in a conical nozzle.

equal area. Theijr work also demonst
directly to the far-field by a multi-tube Suppressor nozzle s primarily from
the exterior tubes and that the overall Suppression of jet-mixing noise can be
attributed to 3 reduction in turbulence Intensity.

zle and a reference conical
nozzle have also been given by Douglas Aircraft Company [6.5], but their datg
shows much less reduction at small angles compared to that shown here.

FLIGHT DATA. Effect of free-jet velocity on Jet nolse Spectra of the
daisy lobe Nozzle operated at My=1.2 and TR=600K is shown in Figure 6.3, |t
is seen that at all angles the low frequency nojise Is reduced while the high
frequency noise is increased.
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The reduction at low frequencles Is understandable. Low frequency noise
for the daisy lobe nozzle emanates from the so called "merged flow region' of
the nozzle system [6.6]. In this reglon the Jet system can be treated as a
single jet moving at the finally merged velocity. Effect of forward velocity
Is then to reduce the jet mixing noise normally assoclated with relative
velocity reductlon [6.6, 6.7]. It Is not quite clear, however, why the high
frequency nolse has Increased at all angles. One would expect to see such an
Increase In noise only In the forward arc as noticed in our earlier studies on
shock contalning single Jets [6.7]. This observed effect at high frequencies
emanating from ''pre-merged'' flow regions needs further investigatlon since In
other studies (6.6] it Is found that source alteration due to flight appears
to be primarily confined to the 'merged flow region'' only.

The increase at high frequencies noted at all angles could be a result of
the under-expanded jet becoming highly unstablé when confined by a subsonic co-
flowing stream. It was noticed by Ahuja [6.8] and Bhutiani [6.9] that under
certain conditions if an under-expanded jet was superimposed by a coflowing
subsonic stream the jet became highly unstable resulting in increased levels of
noise.

In summary, the daisy lobe nozzle is indeed a good jet noise suppressor
but the effects of flight largely remain to bé understood.

Jet mixing noise from the dual stream nozzles were not analyzed in
detail at the time of writing this report. Limited inspection of the data, how-
ever, indicated that the noise benefits of the 36-chute suppressor were only
marginal compared to the reference coaxial nozzle.

6.1.3 Base Drag Data

We were required to provide some data on static pressures measured in
the base of the daisy lobe nozzle. Base pressures were measured through three
pressure ports on the center plug and four pressure ports located between the
lobes as shown in Figure 2.6. Base pressure data for My=0.4, 0.6, 0.8, 1.2,
and 1.4 with the nozzle operated statically and also at M7 =0.08, 0.16 and
0.24, is given in Table 6.1. Ratios of the measured base pressure and the
ambient pressure (=PBase/PAmbient) as a function of the radial distance of the
pressure ports are given In the table and also plotted in Figures 6.4(a) thru
6.4(d) for free-jet Mach numbers of 0.0, 0.08, 0.16 and 0.24 respectively.

By assuming that each measurement point Is representative of the base pressure
over a clrcular strip of finite width, the data given in Figures 6.4(a) thru
6.4(d) should suffice to provide a measure of the base drag.

6.2 F~MAL CONCLUSIONS

The work described in this report rep sents a first step in understanding
and evaluating how internal noise radlates through multi-element, single as well
as dual stream, mechanical suppressors.
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The objective of this program was to conduct a series of tests to deter-
mine the efficiency of Internal nolse radlation for two mechanical suppressor
nozzles, namely, a single stream 12-lobe 24-tube Suppressor nozzle and a dual
stream 36-chute suppressor nozzle. An equivalent single round conical nozzle
and an equivalent coannuiar nozzle system were also tested to provide a ref-
erence for the two suppressors.

An impulse test technique developed In Phase 1 of this program was used
to study the radiation characteristics of these nozzles. This technique util-
Izes a high voltage spark discharge as a noise source within the test duct and
enables one to separate the Incident, reflected and transmitted signals in the
time domain. These signals are then Fourier transformed to obtain various
transmission parameters, in particular, the nozzle transmission coefficients
(NTC) and the power transfer functions (PTF).

These transmission parameters for the 12-1obe, 24-tube suppressor nozzle
and the reference conical nozzle are presented as a function of jet Mach
number, duct Mach numbér, polat angle and temperature. Effects of simulated
forward flight are also considered for this nozzle.

For the dual stream, 36-chute suppressor, the NTC and PTF are presented
as a function of velocity ratios and temperature ratios. Where possible data
for the equivalent coaxial nozzle Is also presented.

Many of the results described here are new and are not amenable to
immediate explanations. Due to the interesting nature of these results and
their usefulness, the transmission data has been included in this report as
an appendix.

6.2.1 Daisy Lobe Suppressor -~ Transmission Results

Statie Data

(1) The daisy lobe nozzle displays higher reflection coefficients
than the reference conical nozzle atalmost all “low conditions.

(2) For both nozzles, the effect of flow is to gradually reduce the
reflection from the jet opening and increase the reflection from the solid
parts (e.g. nozzle shoulder). At under-expanded conditions all the reflectjon
appears to be from the solid parts.

(3) The trends in variation of reflection coefficients with frequency
are exactly opposite for the two nozzles. The dalsy lobe reflection coeffi-
cient increases with frequency while that for the conical nozzle decreases
with frequency for aliost all frequencies.

(4) Reflection coefficients at very low frequencies for conical
nozzles are higher than unity for high jet Mach numbers.

(5) At zero flow conditions, the radiation is predominently towards the

jet axis. With flow, refraction becomes Important and the peaks in the
directivities shift towards higher angles.
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(6) Deductions made about the far-fleld radiation based upon reflection
coefflicients do not necessarily hold. For static conditions, both nozzles have
remarkably similar far-field NTC directivities and spectra at subsonic Mach
numbers even though the nozzle geometries and the reflection coefflicient
characteristics are quite different.

(7) Exit area of the nozzles appears to determine the shape and levels
of the far-field spectra.

(8) The far-field acoustic power at low frequencies follows an w?
relationship for urheated jets and an w* relationship for heated jets.

(9) At low frequencies, the far-field acoustic power is always less
than the Incident power.

(10)  Jet-Mach number has little effect on far-field power, especially
at low frequencies.

(11) Power balance at low frequencies is not obtained both with and
without flow. No immediate explanations are available for this result at
zero flow conditions.

(12)  Wwhen the jet is heated, the conical nozzle radiates more efficiently
than the daisy lobe nozzle, especiaily at small angles to the jet .

Flight Simulation Data

(13) Forward velocity reduces reflection coefficients, decreases NTC
in the rear arc, has little effect at 90° and increases radiatiorn in the for-
ward arc.

(14) Far-field acoustic powers are also reduced under {.ight simulation.

(15) Under flight conditions exit area alone may not be a good parameter to
determine the shape and levels of the far-field spectra. Further work needs
to be done to determine the effect of true flow conditions at the nozzle exit
on sound transmission.

(16)  Under flight-simulation, the dalsy lobe nozzle displayed more low
frequency notse absorption than the conical no2zle except for My = 0.
6.2.2 Multi-chute Suppressor - Transmission Results

Unheated Jets

(1)  Due to different source-section configurations for these nozzles,
" the in-duct and the far-field time histories consist of multi-pulsed incident
= signalsand are thus different from those obtained for the daisy lobe nozzle.
. It was not possible to properly isolate the reflected waves in this case.
Reflectlion coefficient data are; therefore, not presented
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(2) Far-fleid radiation was found to be azimuthally symmetric.

(3) Low frequency radiation for both nozzles is omnidirectional.

(4) Dominant radiation for both nozzles Is close to the jet axis.

a less efficlent radlator of internal noise

(5) The multi-chute nozzle lis
le (and therefore the conical nozzle).

than the single stream daisy lobe nozz

e directivities for the multi-chute and the
kably similar in shape and in most Instances
that the suppressor radiates more

les smaller than 30° where the trend

(6) The NTC spectra and th
reference coaxial nozzle are remar
in amplitude also. It is below 800 Hz,
efficiently at all angles except at ang

is opposite.

(7) For a fixed fan-jet Mach
effect on the transmission character

humber, the primary jet has negligible
istics of these nozzles.

(8) Low frequency radlation increases with increasing fan-jet Mach

number.

(9) At My=0, the far-field acoustic powers, normalized with respect
to the incident acoustic power, are identical for the suppressor and the
reference nozzle for frequencies higher than 800 Hz. Below 800 Hz the multi-

chute suppressor radiates more efficiently.

(10) With flow, the suppressor radiates more acoustic power at all

frequencies.

Heated Jets

(11) For fixed M;jq, My2 and Tp1,
less efficiently at Tgp =600K and more
to the unheated fan jet.

the multi-chute suppressor radiates
efficiently at TRy =900K with respect

(12) kh is a good normalizing frequency parameter for the configurations

studied here.

(13)  For fixed Myq, My2 and TRz, changing the primary jet total temp-
erature tends to increase the far-field radiation.
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6.2.3 Jet Noise Results

(1) For the daisy lobe suppressor, jet mixing nolse In the absence of
Internal noise Is considerably reduced compared with the reference conical
nozzle. Reductlions of the order of 25 dB werc obtained at 30° to the Jet axis.

(2) For the dalsy lobe suppressor, jet mixing noise followinn the
pulse,is ampiirled. Such amplification was not so clear for the other three
nozzles tested In this investigation.

(3) Forward velocity reduces the jet mixing noise at all angles for
the daisy lobe suppressor but if shocks are present in the jet, the noise levels
increase at all angles.

6.2.4 Signal Averaging Technique

To clarify some of the doubts about the validity of the data acquired
using a single-shot spark discharge method and to improve the quality of the
transmission data at high jet Mach numbers a signal averaging te:hnique was
developed. An electro-acoustic driver was excited with pulses located 33.33 mS
apart in tiie time domain. Three main conclusions were reached:

(1) In view of the prel‘minary nature of the signal averaging technique
develcpment study, the agreement beiween the two schemes, on the average, was
quite good. .

(2) The signal technique was superior to the spark discharge method
for the higher Mach numbers.

(3) The existence of the low frequency absorption phenomernon noticed
with the spark source method was confirmed by the signal averaging technique.
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APPENDIX A

IN~DUCT WAVE STRUCTURE FROM POINT IMPULSIVE SCURCE

An [mpulsive point source In a free-field envlronment will radiate
spherically. At some point in the far-field, the wave front will have such a
large radius of curvature that it will appear essentially as a plane wave,
which Is the desired In-duct condition. Shock tube studies have shown that
a point source will propagate down the tube as a spherical wave followed by
a reflected wave structure from the wall. This reflected wave fieid is a
function of axial distance from the source. Figure A-1 shows the evolution
of this wave structure as a function of time and distance from the source.

As a result of propagation non-linearities, the wave fronts of the reflections
gradually catch up to and coalesce with the initial spherical shock and pro-
duce a relatively clean wave front. However, multiple reflections of those
parts of the initial spherical wave which are at high angles of incidence to
the duct wall are unable to coalesce with the initial spherical wave due to
their long travel times. This is illustrated in Figure A-2(a). It can be
shown that after n reflections, a ray between an on-axis source and an on-axis
receiver x distance apart in a duct of djiameter D, will arrive at At seconds
after the direct ray such that

n2p2

At = 2% ¢

(A-1)
o

It can be seen from Figure A-2(a) that as the angle of incidence, 8, is in-
creased, the number of reflections, n, for the corresponding ray also increases,
which In turn increases the value of At. This phenomenon introduces a "“train"
of oscillations following the incident pulse in the pressure time history of
the point impulsive source. This phenomenon is quite pronounced when the
source section of the duct Is unlined. These oscillations can, however, be
minimized by the addition of an absorbent lining to attenuate the high angle
reflections as illustrated in Figure A-2(b) . This process, which effectively
limits the pulse length, also reduces the total available energy by reducing
the conical "'capture window' 8. of the test duct. This reduction can however
be optimized by proper selection of the absorption materfal and the length

"2'* of absorbent lining downstream of the impulsive source. In the present
work, for daisy lobe and reference conical nozzles, 2.5 cm thick ceramic wool
lining in the 10 cm diameter duct with 15 cm léength was used and produced an
acceptable in-duct time history at x = 60D as shown in Figure A-3.

First, the incident (outgoing) pulse is seen in Figure A-3 to be a
steep-fronted positive pressure wave followed by a rarefaction wave. It is
sitmilar to a one-dimensional travelling shock wave. The width of the pulse
Is a function of the distance from the soufce and the initial puise amplitude.
The second feature |s the reflected (ingoing) pulse, which is shown to be
a steep-fronted negative ressure wave. Close examination reveals that the
leading edge slope is not as sharp as that of the incident wave. Physlically,
this signifies an escape of high-frequency encrgy at the termination. Since
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ACOUSTIC PRESSURE
(ARBITRARY SCALE)

Figure A-3 In-duct time history for 10 cm diameter duct
at zero flow.
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each pulse Is propagating at approximately the amblent speed of sound, pulse
separation In time can only be achleved by proper transducer placement upstream
of the termination. Another point worthy of mention is that the measured time
Interval between the Incldent and reflected pulse leading edges falrly accur-
ately defines the geometric location at which reflectlion takes place.
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APPENDIX B

DATA ANALYEIS

, In this Appendix the data analysis procedure to compute one-third

L octave NTC and PTF values from the measured narrow band SPL data is described.
The narrow band SPL data for Incident, reflected and far-fleld pulses is ob-
tained by the Fourier transform of each pulse using a digital FFT Signal
analyzer (see Sectlion 2).

" The various parameters involved In this analysis can be broadly
oM divided Into three catecgories, namely, input data, intermedlate outputs and

i the final outputs. Varlous parameters In these categories are defined below.
Input Data:

a) Physical and Geometric parameters.

Deq Equivalent nozzle exit diameter.
Dp Duct diameter (for co-annular, outer diameter of the inner
duct).
;, Dp* Primary nozzle diameter.
: DS Distance of the In-duct transducer from the exit plane.
ii h* Helght of the annulus at the nozzle exit.
LB hD* Height of the annulus at the stralght part of the co-
" ' annular nozzle.
éf PD*l Static pressure In the duct.
: Ps Ambient pressure,
f Pt Total pressure in the duct
_ﬁﬁf Tp Statlic temperature in the duct
- To Ambient temperature
Rm(8) Position of far-fleld microphone at a polar angle 6 from
the nozzle exit.
Ry Relative humidity (%)
Ay = wDDZ/h Cross sectional ares of the duct (&-1)

— t(ood-ho)z- DD2 fross sectional area of annular duct (B-2)

* only for co-annular nozzles.
t+ only for single nozzles In free-jet facility.

o Nl oot B s
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b) Calibration Data (all in decibels)

To obtaln callbration or transfer function between two pressure
measuring probes It Is necessary to expose them to the same pressuie fleld.
In the present investigation the callbration of quarter inch B&K microphones
were necded with respect to a Sundstrand plezoelectric pressure transducer.
A pressure fleld of very high Intensity (of the order of 140 dB) was re-
quired to obtaln a good signal from the transducer. At this level of pressure
field, the quarter inch B6K microphones wlth conventlonal cathode followers,
were getting saturated. Thercfore, to avold this problem, 8 quarter-inch
B&K microphone with a speclal cathode follower, (Type 2618) which had a bullt-
in amplifler to amplify or attenuate the signal by 20 dB, was used. This
probe, referred as a special microphone (SM) , could measure a high Intensity
pressure field, with 20 dB attenuation to the bullt-1n amplifier, when placed
agalnst the transducer and also could measure moderate pressure fields without
any amplification or attenuation when placed against a conventional micro-
phone=cathode follower probe. Therefore, the speclal microphone was used as
an Intermediate probe to obtain the calibration between conventional micro=
phones with respect to the transducer.

To read absolute SPL values of the experimental data, recorded in the
tape, a reference sine wave signal at 1000 Hz with 114 dB amplitude, read
by each microphone, was also recorded in the corresponding tape recorder channels
using a standard plstonphone calibrator. The recorded test data was analyzed
using a duc! channel FFT signal analyzer (sD-360) which has got a bullt-in
attenuator to attenuate the input signal up to a maximum of 60 dB. To
initialize this equipment (3D-360),the recorded sine wave signal, from one
of the channels, (for this invest igation the channel corresponding to 8= 120°
was chosen) was Fourier transformed with a suitable attenuation setting
(reference attenuation, RATN) and the transformed value at 1000 Hz was set to
zero. Therefore, the zero reading with this attenuation setting (RATN)
would correspond to a value of 114 dB for that microphone channel. The sine
wave signal recorded in the remaining tape-recorder channels for other micro=
phone angles () were then Fourier transformed and the corresponding readings
at 1000 Hz (FC(8)) were noted down. These readings were used in the data
analysis to evaluate the SPL values.

puring the data acquisition process, using $D-360, the attenuation
settings (ATN(6)) were different for different channels and were also different
from the reference attenuation value (RATN). Therefore, the difference bet-
ween the Individual attenuation settings with respect to th-. reference attenu-
ation (DATN(8)) were used in the data analysis to get proper SPL values.

SM/T(f) callbraticn botween a speclal microphone and in-duct
transducer at a frequency £ (narrow band)

M/SM(F,0) Calibration between the microphone positioned at ©
and the special microphone at 2 frequency f (narrow
band)

WC(f) Effect of wind screen on far-fleld SPL at frequency f

(narrow band).
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Fc(9) Values read for 114dB a. 1000 Mz with reference amplifi-
cation, RAMP (8) and r:r rence attenuation, RATN on
SD-360, for the micropho e positioned at 6, with respect
to that at 6 = 120°,

3 Fa(e'fl/B) Frequency response of microphone positioned at 8, at a
' 1/3-octave frequency of f1/3.

ﬂf FFc(f1/3) Free-field correction of microphone for a 1/3-octave
frequency of fl/3'

= AMP (0) Amplifier setting for the microphone at 6 during the test.
ATN(e) Attenuation setting on SD-360 for the microphone at 6
during data acquisition.
. f Narrow band center frequency with a fixed bandwidth
- f1/3 One-third octave center frequency.
- c¢) Acoustic Data
1
: SPL ; (f) Incident SPL at frequency f, (narrow band)
=y 1
‘{ SPL r(fﬁ Reflected SPL at frequency f, (narrow bzad)
]
SPL f(f,e) Far-field SPL for microphone at 6, at frequency f,
(narrow band)
) ]
Note: SPL ;(f), SFL (f) and SPL'f(f.e) are measured with respect to
114 dB at 1000 Hz for microphone at 6= 120° with RAMP(6) and
RATN.
Intermediate Outputs (all in dectibels)
Ch(f) Humidity correction at frequency f, per unit distance,
= function of Ry, Py, To.
cq(0) Distance correction to obtain the SPL level at 100 x Deq
for microphone at 6 '
= 20 Log,, (R, (8)/(100 x Deq)) (8-3)
DAMP (6) RAMP (6) - AMP(9) (B-4)
DATN(6) ATN(8) = RATN (8-5)
M/T(f,0) Calibration between microphone at 6 with respect
to in-duct transducer at frequency f
= SM/T(f) + M/SM (f,0) (8-6)
[M/T(f)]AVR Average calibration value at frequency f.
L (Wi(F,05))
- ¢ n 10
. = 10 Log,, | [T (10) I}, (8-7)

n being the total number of far-fiela microphones.

+ Only for single nozzles In free-jet facllity.
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SPL'(f) Absolute value of Incident SPL at frequency f,
(narrow band)

= SPL'l(f)+[M/T (F) Jppg * 114 (8-8)

SPL, (£)* Absolute value of reflected $PL at frequency f
(narrow band)

= SPL'. (F) + [WT ()] pyp + 114 (8-9)

SPL¢ (f,0) Absolute value of far-field SPL for the microphone
positioned at 6, at frequency f (narrow band)

= SPL'c (F,0)+C, (F)x(R,(6)+0S) - FC(8) + Cq0) +

DAMP (2) + DATN (8) + WC(F)** (8=-10)

Note: SPL;(f), SPL.(f) and SPL¢ (f,8) are calculated assuming flat frequency

response for far-field microphones and without any free-field cor-

rections, since these torrections were not avallable at narrow band

frequency. However, frequency response (FR (fi/3,6)) and free-field
corrections (FFC(fy/3)) were available for 1/3-octavefrequencies, and
therefore, were app?ied to the final 1/3-octave SPL data.

[FR(f1/3)1AVR _Average frequency re:pj:;&f at :143
n 10 173'7
=10 Log,, [E flo) ]/nl (B=11)

SPLf(fl/S’e) Absolute 1/3-octave far-field SPL at 8 and at
frequency f1/3

f
= 10 Log,,[]" (105 (F010) e (e, 0) 4

£, 1/3°
FFC (f1/3) + Free jet correction (B-12)

SPL;(fl/3) Absolute 1/3-octave Incident SPL at frequency f, ,

sPL; (f)/10

t
= 10 Log,, [y (10) 1+ [FR(FL 00 aygt

FFC(f, ,.) ' (B-13)

1/3

¥ Only for single nozzles in free-jet facility.
ok

Windscreerns were used to minimize the Flow nolse at small angles to
the jet axis for microphones placed at polar angles of 0°, 10°, 20°
and 30°. Therefore, windscreen correction is applied to these micro-
phone data.




Wb

SPL.(f ,,)F

1/3

where

OASPLf(e)

OASPL;

oaspL, T

OASPL,

PWLf(f )

1/3

where, ASJ
PuL; (F,,3)

Absolute 1/3-octave reflected SPL at frequency fl

sPL,. (f)/10
= 10 Log,, [Ef (10) " 1+ [FR(F

/3

173 Javr *
i
FFC(f, ) (B-14)

lower frequency for 1/3-octave center frequency of f1/3

1
= f1/3 / (2) § (8-15)

Upper frequency for 1/3-octave center frequency of
f
1/3

1
= f‘/3 x (2) & (8-16)
Far-field OASPL at 6

m  (SPL¢ (f,/3,e)/1oa

= 10 Log,, [L 110
j=

(B-17)

m being the member of one third-octave frequencies

Incident OASPL
= 10 Log [? 10

10 ™5

=1

Reflected OASPL

m SPL.(f,,,),/10]
= 10 Log,, [} 10 3

J=1
Transmitted OASPL

SPLe(f, ,.). /%0
3’7 (8-18)

(8-19)

SPL;(f1/3)j/10

m
= 10 log,, [ |(10 Y(14Mp)2 -

j=1

SPLe(F,5) /10

(10 VI (-mp) (B-20)

Far-field PWL at frequency f|/3

10 SPLg(f )/10

= 10 Log,, [ 10 173,08 851 (8-21)

Poco j=]
= elemental area associated with micropihone at ej
Incident PWL at frequency f

(I+M6)2~AD

= SPLy(f,,3) + 10 Log,, ( (B-22)

PpCp

t Only for single nozzles in free-jet facllity,
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WL (fi/3)* Reflected PWL at frequency f 1/3

(1-Mp)2+Ap

) + 10 Logw("‘;"é'D""—) (8-23)

= SPL (fV3

- $
= Pth(f”:,') Transmitted PWL at frequency f, .

o SPL1(f,,)/1 SPL,.(f1/3)/10
= 10 Log,,[ |10 s o‘,(imo)z -|1o 3
(1-M.)2] + 10 Log (f-"-—) (B-24)
D 910 Po%h
OPWLf Overall far-field PWL
m (PWLc(fq/4): /10)
=10 Log,, [} 10 /3% ] (8-25)
j=1
OPWLi Overall incident PWL
m (PWL{ (fq/3); /10)
= 10 Log,, [y 10 /35 ] (8-26)
j=1
OPWLr* Overall reflected PWL
f (PWL.(f4/3); /10)
= 10 Logm[Z 10 P73 ] (8-27)
.
OPWLt* Overall transmitted PWL
m (PWLy (f1/9); /10)
=10 Logm[X 10 L3 ] (8-28)
J=1

Final Outputs (all in decibels)

NTC,(f1/3,e) Normalized transfer function (or coefficient)
with respect to incident SPL at a frequency f1/3
for emission angle 8.

= SPLf(fI/B,e) - SPLi(f|/3) + 10 L°g10 (FACT 1)

2
Lr (100xDgq) P
where FACT 1 = ZCI D 19- (8-29)
Ay (14Mp) “P, V Ty

¥ Ornly for single nozzles In free-jet facility.
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where

¥
NTCt(f|/3,e)

FACT 2

|>1"|=I(f1/3

PTFt(f‘/3

olf )¥

1/3

)

)¥

"M(f1/3)='=

NOSPLi(e)

Normalized transfer function (or coefficient) with
respect to transmitted SPL at a frequency f‘/3for

emission angle 6.
SPLy (fy,3)/10

2
= SPLf(f1/3.9?'IO L°910[ IIO (1+MD)

SPL.(fq/3)/10
s |(1-MD)2] + 10 Log,, (FACT 2)

4w (100 x Deq)2Pp To
= =37 o (B-30)
D' 'O D

Power transfer function with respect to incident
power at frequency f1,3

= PWLf(f1/3) - PWLi(f1/3) (8-31)

Power transfer function with respect to transmitted
power at frequency f”3

= PuL, (fy,3) - PWLt(f|/3) (B-32)
Reflection coefficient*at a frequency f1/3

= SPL_ (f‘/3) - SPL, (f‘/3) (B-33)

*
Reflection coefficient, corrected for Mach number,
at frequency f1/3

1-M
D
= o(f1/3) + 20 Log,, [773ﬁ5] (8-34)

Normalized far-field OASFL with respect to incident
QASPL at @

= OASPLg(0) - OASPL;

4 (100xDeq) 2Pp —
q T
=2
+ 10 Log10 (o )2 " \/V;é
D D o

(8-35)

+ Only for single nozzles in free-jet facility.

* o(f

1/3

) and dM(fI/B) do not appear in the data tables. These are

plotted in the main text.
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NOSPLt(e)* Normallzed far-field OASPL with respect to transmitted
OASPL at o hﬂ@ )2
, 00xDeq)“Pp [Tq

: = OASPL¢(9) - OASPLy + 10 Loglo‘ Ap g \/ﬁ I (B-36)
. OPTF; Overall power transfer function with respect to overall
Incident power

= OPWL - OPWL., (8-37)
i,;j optrt Overall power transfer function with respect to overall

* transmitted power

= OPWL¢ - OPWL, (8-38)
' # Only for single nozzles In free-jet faciltity.
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APPENDIX C

TEST CONDITIONS AND CORRESFONDING TRANSMISSION DATA

The purpose of this section Is to tabulate all the nozzle transmission
data obtalned from the measurements after applying the needed corrections and
transformations described in Appendix B. The test conditions, both nominal
and exact, are tabulated in Tables C.1 through C.6. The 1/3-octave normal-
{zed transfer function and power transfer function data for daisy lobe
nozzle and the corresponding reference conical nozzle are tabulated simult-
aneously. These transfer functions are obtained both with respect to
incident (NTC{ and PTF{) and transmitted (NTC. and PTFy) SPL. The 1/3-octave
normalized transfer function and power transfer function data for multi-chute
suppressor nozzle and the corresponding reference coaxial nozzle are only pre-
sented with respect to incident SPL (NTC; and PTFj). The corresponding over-
all SPL values of normalized transfer function and power transfer function
data with respect to incident (NOSPL{ and OPTF;) and transmitted (NOSPL, and
OPTF,) data are also presented.

Various paraheters presented in the data tables are described in
Appendix B. But, for the convenience of the reader, important parameters
that appear in the data tables are listed below:

NTC; (f1/3,e) Normalized transfer function (or coefficient) with
respect to incident SPL at i/3-octave center frequency
of f1/3 and at emission angle 6.

NTCt(f1,3,e)* Normalized transfer function (or ccefficient) with
respect to transmitted SPL at 1/3-octave center frequency
of f‘/3 and at emission angle 6. *

PTF, (f1/3) Power transfer function with respect to incident power
at 1/3-octave frequency of fy/3

PTFt (f1/3)* Power transfer function with respect to transmitted
power at 1/3-octave frequency of f1/3

NOSPLi(e) Normalized far-field overall SPL with respect to
incident overall SPL at emission angle 6.

NOSPLt(e) t Normallzed far-field overall SPL with respect to
transmitted overall SPL at emission angle ©.

4 Only for single nozzles in free-jet facility.

* The NTC, values, even though not presented in the main text, were
calculated after the text had already been written up. Due to the
useful nature of this parameter and for the sake of completness this
is also tabulated in this appendix.
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OPTF| overall power transfer function with respect to
overall Incident power

OPTF *' Overall power transfer function with respect to
t overall transmitted power.

mt o Fully expanded model jet Mach number

MT* Free Jet Mach number

TR* Rescrvoir temperature for model jet, K

To Amblent temperature, K

Py Amblent pressure, N/m2

MJI** Fully expanded primary jet Mach number

MJ2+f Fully expanded seconrlary (co-annular) jet Mach number

TRI** Reservolr temperature for primary jet, K

TR2$# Reservolir temperature for secondary jet, K

Note: Thé llneaf value of the reflection coefficient, corrected for duct
Mach number (i.e. [prz(i-MD)Z]// [p12(1+MD)2])becomes greater than
unity for certain frequencies for a few flow conditions (actually
only for 8 out of a total of 1350 spectral pointe). This was found
to be so onl; at high frequencies and i$ attributable to possible
errors in single point in-duct measurements at high frequencies. For
these cases, asterisk (*) marks are put against the corresponding
frequencies in the data table.

For some test conditions, the data was analyzed only for a limited
number of polar angles. Since the signal was highly contaminated with jet
noise for the remaining angles, the data was not analyzed for those angles.
Therefore, the power transfer func .ons, calculated for these cases were
based on the |imited number of polar angle data covering a fraction of the
spherical area at the polar radius.

¥ only for single nozzles in free-jet facility.
#4 Only for co-annular nozzles.
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ﬂii Table C.1 Nominal operating conditions for the dalsy lobe
L and the reference conlcal noz:.le
—.ii Run No. Model Jet Free Jet Page No.
¥ Daicy Mach No. Reservolr Mach No.
g Lobe  Conical My Temp., TR Mt NTC,; NTC,
"y Nozzle NozzZle
b 19 89 0.0 Amblent 0.0 192 193
20 116 0.2 Ambient 0.0 194 195
13 91 0.4 Ambient 0.0 196 197
o L 106 0.6 Ambient 0.0 198 199
o 15 110 0.8 Ambient 0.0 200 201
<o 17 123 1.2 Anblent 0.0 202 203
N 41 121 0.0 Amb ent 0.08 204 205
4 93 0.4 Amblent 0.08 206 207
81 109 0.6 Ambient 0.08 208 209
53 13 0.8 Amblent 0.08 210 211
39 120 0.0 Ambient 0.16 212 213
o 48 96 0.4 Ambient 0.16 214 215
36 108 0.6 Ambient 0.16 216 217
1 54 112 0.8 Amblent 0.16 218 219
< 56 115 1.2 Amblent 0.16 220 221
% 38 119 0.0 Ambient 0.24 222 223
‘ 49 97 0.4 Am>ient 0.24 224 225
- 37 107 0.6 Ambient 0.24 226 227
; 55 1 0.8 Ambient 0.24 228 229
70 98 0.8 600K 0.00 230 231
ot 86 100 0.8 600K 0.08 232 233
o 85 101 0.8 600K 0.16 234 235
R 128 103 0.8 600K 0.-b 236 237
o 83 99 1.2 600K 0.00 238 239
84 105 1.2 600K 0.08 240 241
129 102 1.2 600K 0.16 242 243
b3 130 104 1.2 600K 0.2h  24h 245
of,
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Table C.2 Nominal operating conditions for the mult!=-chute
and the reference coaxial nozzles.

Model Jet Model Jet Page
__Run _No. Mach Numbers Reservolr Temp. No.
“Multi-chute . Reference
Nozzle Coaxlal: Nezzle My, My Tgy Ty NTC;
144 168 0.0 0.0 Amblent Ambient 246
145 169 0.4 0.6 Ambient Amblent 247
152 174 0.0 1.2 Ambient Ambient 248
153 172 0.8 1.2 Ambient Ambient 243
154 m 0.8 0.9 Ambient Ambient 250
157 176 0.8 1.2 Amblent 600K 251
159 177 0.8 0.9 Ambient 900K 252
160 179 0.8 0.9 450K 600K 253
162 178 0.8 0.9 675K 900K 254
162 175 0.8 0.9 Ambient 600K 255
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Table €. 3 Exact operating conditlons for the dalsy lobe nozzle.

Mode) Jet Free Jet Ambient Page Nc.
Reservolr
Run Mach No. Temp, Mach No. | Temp. Pressure_,,
Na. My Tp (K) Mro [To (K) [Po(N/m2)x15 | NTc, NTC,
19 0.0 294 0.0 297 9.75 192 {193
20 0.2007 294 0.0134 | 299 9.75 194 | 195
13 0.4100 294 0.0215 | 297 9.75 196 | 197
1 0.6025 293 0.0323 | 297 9.75 198 | 199
i 15 0.8036 292 0.0437 | 297 9.75 200 | 201
; 17 1,205 294 0.0671 | 297 9.75 202 | 203
Lo W 0.0 295 0.0795 | 297 9.75 204 | 205
; 46 0.4115 292 0.0805 | 298 9.75 206 | 207
31 0.604 289 0.080 | 296 9.80 208 | 209
53 0.8059 292 0.0804 296 9.79 210 | 211
39 0.0 295 0.1654 | 297 9.75 212 | 213
48 0.436 292 0.1598 | 297 9.75 214 | 215
36 0.6258 293 0.1598 | 29¢ 9.75 216 | 217
5k 0.8197 292 0.1596 | 296 9.79 218 | 219
56 1.2152 293 0.1596 | 295 9.79 220 | 221
] 38 0.0 293 0.238 | 297 9.75 222|223
i 49 0.4732 292 0.237 | 297 9.75 224 | 225
& 37 0.6539 292 0.2371 | 296 9.75 226 | 227
. 55 0.8424 293 0.2366 | 295 9.79 228 | 229
B 70 0.8087 606. 0.0436 | 302 9.80 230 | 231
86 0.8107 [ 591 0.0827 | 297 9.80 232|233
. 85 0.8261 600 0.1613 | 297 9.80 234|235
- 128 0.8470 594 0.2391 | 295 9.72 236 237
; 83 1.2087 600 0.0662 | 308 9.80 238 {239
e 84 1.2093 597 0.0758 | 308 9.80 240|241
e 129 1.2123 597 0.1610 | 298 9,72 242 {243
e 130 1.22k2 | 596 0.2348 | 296 9.72 24h | 245
a,
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Table €.4 Exact operating conditions for the reference conlical

nozzle.
Modual Jet Free Jet Amblient Paye No.
servoir
Run Mach No. Temp. Mach No.|Temp. Pressure . 4
No. My Tr (K) Thr |To (K)|Po(N/m?)x107 | NTC) NTCy
89 0.0 303.3 0.0 295 9.72 192 | 193
116 0.2014 290.6 0.0170 | 296 9.72 194 | 195
91 0.4007 294 | o.0217 | 296 9.72 196 | 197
106 0.6009 294, 4 0.0345 | 296 9.72 198 | 199
110 0.8022 292 0.0457 296 9.72 200 201
123 1.2026 290 0.0711 | 296 9.72 202 | 203
121 0.0 293.3 0.0829 | 296 9.72 204 | 205
93 0.4092 291 0.0811 | 295 9.72 206 | 207
109 0.6057 294 .4 .0794 | 296 9.72 208 | 209
113 0.8068 289.4 0.0784 | 297 9.72 210 | 21
120 0.0 291.7 0.1594 | 296 9.72 212 | 213
9% 0.4%25 289 0.1601 | 294 9.72 214 | 215
108 0.6251 290.6 0.1638 | 298 9.72 216 | 217
12 0.8187 289.4 0.1594 | 298 9.72 218 | 219
115 1.2161 389.4 0.1571 | 298 9.72 220 | 221
5 119 0.0 290 0.2375 | 296 9.72 222 | 223
AR 97 0.4547 289 0.2343 | 294 9.72 224 | 225
107 0.6517 291.7 0.2388 298 9.72 226 227
Ty 11 0.8418 290 0.2375 | 298 | 9.72 228 | 229
- 98 0.8162 605.6 0.043 | 305 9.72 230 | 23
S 100 0.8117 | 600 0.0817 | 300 9.72 232 | 233
A 101 0.8260 600 0.1598 | 296 9.72 234 | 235
103 0.8386 595.6 0.2388 | 297 9.72 236 | 237
99 1.2103 595.6 0.0684 | 308 9.72 238 | 239
I 105 1.2003 599 0.0828 | 307 9.72 240 | 20
» 102 1.2156 600 0.1615 | 29. 9.72 2b2 | 243
2 104 1.2342 600 0.2388 | 297 9.72 2ih | 245
T 190
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Table €.5 Exact operating conditlions for the multi~chute nozzle

Jet Model Reservolr Temperatures Amb et
Run Mach No. (k) Temp. Pressure Page No.
No. M W, " Tay TRy To(K) | P, (N/m?)x18% | NTC,
144 0.0 0.0 287.2 285.6 297.2 9.79 246
145 | 0.4 0.604 283.9 | 28b4.4 285.2 9.79 247
152 | 0.0 1.196 286.1 | 286.1 286.4 9.79 248
P 152 | 0.8 1.196 286.1 | 285.6 286.6 9.79 249
- 154 | 0.8 0.903 286.7-| 286.1 286.6 9.79 250
- 157 | 0.802 1.237 289.4 | 59h.4 290.4 9.86 251
- 159 | 0.8 0.961 296.1 | 877.8  [292.3 9.86 252
% 160 | 0.821 0.917 441.1 597.8 295.9 9.86 253
161 | 0.837 0.970 654.4 | 902.8 309.1 9.86 254
162 | 0.799 0.925 302.8 | 594.4 295.8 9.86 255

Table C.6 Exact operating conditions for the reference coaxial

nozzle.
Jet Model Reservoir Temperatures | Ambient
Run Mach No. . (K) Temp. Pressure _ Page No.
No. My, My, TR, TRy To(K) | Py (N/m2)X1D NTC;
168 0.0 0.0 292.2 286.1 294.3 9.76 246
169 | 0.399 .599 281.0 | 282.2 284 .4 9.76 247
174 0.141 1.196 281.0 281.0 296.0 9.76 248
172 | 0.799 1.196 280.6 281.0 296.0 9.76 249
N 0.807 0.895 280.0 281.0 284.9 9.76 250
176 0.8 1.228 298.3 593.3 295.1 9.73 251
177 0.797 0.975 295.6 898.9 301.7 9.73 252
179 0.818 0.929 L6 .1 597.8 302.2 9.73 253
1/& | 0.840 0.964 658.3 | 873.3 311.2 9.73 254
175 0.795 0.9 292.2 601.1 293.0 9.73 255
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC)H

MJ 0 MT 0
A DAISY L.OBE NOZZLE (Run o = 19 )
- EMISSLON ANGLE CRLLATIVE Y0 JEY EXEAUYY REFERENCED TO MOZZLE EX1T
C NECRERE )
W ne PTF, ¢ 100 20, Jue A0, BUL b4, Tu. B0, 90, 100, 110, 120,
" REQ
¥ KHZ , . . .
i 250020 ,8 022,80 «29.0 ~l7,ﬂol7.u-93.0-90.4-lﬂ.o-?u.soel.7-19.3-22.0-a|.a.a|.e
,“ 15 000,08 o194 17,0 -04,2-|3.9-3u.4-l7.4-te.n.|7.a.|e,e.|6.7.1a.9.|e,s.gu.c
: 0o "c.o o17,.§ =18,2 -|9_.40"1’.9'!0.3-!5090!‘-“-IQ.J-IG.O-I‘.%I’.l-le,bolﬁ.ﬂ
600letd,2 o84.3 42,0 9,0 -9.0-!5.!-!440-19"\0l?.ﬁ-ll.l-l).!-ld.ﬁ-!‘.&»ll.ﬁ
/ G630[eta,y 11,0 wp.9 9‘,7 .7.0.“’7 ol 4 L1y '9."‘0,6"0.".’.6"lpa-”.l
BO0| e, 4 o¥,9 8,4 w4,2 24,7 28,6 «?gy 6,2 0,8 ®7,9 ©7,7 0,8 «8,0 «8,0
" 1,00 1 olel =747 o4e8 42,8 03,1 €6,7 o8yt wd,6 a8,) 6.8 oG9 w60 w746 27,4
; 1,26 | 8,4 =b,2 o3,2 ®0,9 016 03,9 «d,? wdyu 5,7 *4,8 08,1 »7.8 6,7 «8,¢
1.60 | ®2,0 @4,2 o1e2 1,0 Ue? ®1.8 02,7 ), 4 «2,3 *3,0 *d,) #6,7 5,8 6,1
= 2.00 | *3,1 e1,8 1ed 3,2 2,3 @1,2 o) ¢b ou,s 108 03,0 «4,2 08,1 26,0 =8,3
2.50 ®3,9 4,9 3,4 bp? 4,1 o0,¢ ol,t U,¢ .|.| 2,0 '3_.0 eb,9 ".‘ 08,2
16 [ ®1,2 2,4 4,9 2,0 b.7 el 0 ot,l 4,6 ®0y7 02,6 04,1 o8, «6,0 8,4
.00 foted 2.8 Be3 2,0 6u1 w2.8 o143 eusy «1e7 o308 5.0 o7.0 w8,) 9.8
& 500 | ®2,8 3,4 7,6 8,4 0,8 wb.f e€,7 o34 o5.7 *8,7012,7015,6=16,9217,8
6.30 LY. | 5.7 9.0 9_.7 0,2 .y, 7 .‘vﬂ 02,.4 '505 ‘9,"“.0"[.4'100"||.‘
: 8.00 | #2.3 8.7 9.3 8,6 1,3 *1,8 25! wh 2012,0 07,8 °6,0 08, 26,8 7,7
10.0 2.3 8.4 8.6 0,3 e5,6 2,9 oly0 wu b al,f «3,3 *7,3010,9 «9,9 9,8
{ 12.5 1 9220 Bol 1002 0,8 1,0 J.€ 1y =d,0 04,) =828 =758 #7.4 «8,7213,8
16.0 ol 4 8,4 8.7 oy,y 2,8 4,8 el yt Obeﬂtlu.zvl4,3-!5.3-]7.2-]9.0-1l.ﬁ
20.0 [P 4.9 1e? 0,7e11,0 4,8 Cot -7.0-lJ.i-lﬂ.ﬂ-lﬁ,,h?o.?-lﬂ.!-lo.b
; 25.0 { =38 9.1 2.0 W HelUU 3.7 God eu.d ©749213,2012,3214,0001,0210,9
i 31.5 04,8 8.5 ot,9 ol 0B,y 4,9 e, oloBnig,7212,3 «8,3016,8214,2013,4
‘. 10.0 | ®2,3 13,2 2.8 eB.7e11,2 7.7 307 *70601Us2210,1211,0016,8010,1210,8
o 50.0 168 20,3 13,5 ©10,2010,0 10,6 €,2011,5 9,8 ©9,8513,0016,4019,4016,0
63.0 S.4 29,10 15,4 7.5 »§,2 .6 i't(""ob"h.”l’7;9"303-1206'23."210‘
i OPIF4 NOSPL
l 218 00,8 3.9 5.3 #0.9010,0 6 4¢ .009.'u.9..2.‘.'"5"‘.0"’.7',3’.0
-
;L CONICAL NOZZLE (run w0 = 89 )
LHISSIUN ANGLE (RCLATL'C 1€ JET Lxealam) RUTERENCOD YO MNOZZLE EXIY
C DYGRELE )
e FREQ PTF, 8. t0, 20, Ju, 4u, E¢., eu, 70, 80, 90, 100, 110, 120,
KHZ . .
3 1250 (022,80 ©24,6 o3¢,/ -Sl_.G-N.9-?8.I-N.'7-94.?-25.0-25;9-22.0-27.7-24.5-23;6
. 2315 |222,2 20,2 24,8 -ac,u-aa.4-93.4-au.n-au.o-zl.2-22,1-:9.0-::.6-21.a-zo.r
: 2400 [e2¢ .3 «18,8 22,8 -22,7-16.5-91.2-13.'2.1H.s.lo.z.r;o,l.-|7,3.a|,5.19',4.13,9
& <500 1897.0 a13,7 «18,0 213, 0eld,]e ',l-ll.'a-15.3-|6.o-lu_ﬂ-ls.a-m.o-u.e-|o'.4
: 630 [»13,8 019,84 «10,.8 -e,b-u.o-i:,n-n.e.lu,9.:3.4.|3,3.12.5.14,3.13;7.13',4
3 800 [014.2 8,7 <38 «5,5 a7,3 «8.¢ wBo? ey.0 *9e1210,1 ©9,6010,7«10,710,5
— 4, 1.00 | 2.9 od,9 ed,6 2,9 a4,0 =8,8 a€yd sb,4 2,9 3.1 7,4 8,8 *B,6 «8,6
< 1.25 | o€e2  @1,5 a2, 20,8 22,8 ©3,1 wdy2 =d,6 «5,) ©6.6 ©6,0 «6,9 =8,0 6,9
5 1.60 [ 1% 0.7 =g.0 120 #0,8 1,0 w2t 2,9 *3s7 w8,0 «4,? a8,y «G,0 =8,8
- 2.00 | »a & .0 2.2 3,7 1,2 0,6 ai.g o198 *2,3 ©),9 3.8 «6,2 8,1 «5,0
. 2.50 | =V 8,1 4.8 600 Jai 1.5 Ul wy.? iR ©0,6 ©3,3 wd,9 ©4,8 3,1
R 315 | »8.8 6.8 6.2 7.6 4,8 e lot Gl 50,8 22,4 +3,8 «4,9 «4,9 8,8
/- Lo | ~.2 7.9 7.6 B0 8,3 2,8 2.1 g.p *0s8 02,7 ©4,8 06,1 «6,3 »7,2
. 5.00 | #23 9.5 9.8 0.3 6.0 23,7 106 0ol 22,0 43 ©7,2 8,3 *8,9 «9.8
: 6.30 | ted 11,0 1143 12,0 8.1 4.6 iy =i,y e4.8 ulelellolel2itel2, 1012,
; B.00 | ®8sl 114 11,2 11,0 6,8 2,6 <3,4 “Sotallodoly,ball el a1t de18,0
o 10.0 208 193 18,4 14,7 8.9 w1,0 o€, 1 ab,y «8.¢ *6e8 6,8 ©0,9010,3010,8
Fhe 12.4 1.9 13,3 14,1 12,8 6,0 0.8 «2,8 wi d 6,0 -9_.3-I|.l-l2.0-l2.30|3.7
‘ 16.0 4.2 13,8 15,0 11,0 2,4 042 <7, 0els 3010,2012,8413,6014,9018,8015.0
20.0 WV 14,3 15,8 B.7 1,0 w2,3 oty -8.7-12.2~|a,9~|6;a-.3.3-19.1-:9;3
25.0 4.8 17,0 12,7 P4 2.0 *2.7 ol b *903010,713,8014,0018,7017,2017.85
3.5 9.2 17,4 17,0 1,9 0,9 =6,0 -Q.’iolI.7-|5.l-l654-|7.|-?I.3-!9.8-20;2
40.0 2.6 20,8 9.8 a7 g,y 27260 lty6el2,8013,8210,6ei8,1-19,1010,7020.0
R 50.0 1.7 18,8 18,1 6,3 vaoﬂ'll.i-"“"IJ-?vIﬁ.onlé.S-IB.l-?la!!-w,e.zz.a
— 63.0 (%87 8,1 15,8 6,601¢0,.4 -B.C-IE.n-l4.3-lq.daw.:-u,a.n.a-aa,a.gg;|
OPTFy  oen NOSPL L
23,7 Ted @6 o1.J o8,3 «7,6 ok ¢ -9.5«|u.7.|2.3.|1,;,]3,3.”,3.”;2
o “’“‘”“M
oy OF Py S
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DAISY LOBE NOZZLE (Run No= '9)
LV Los 10N antll (RLLATIVE ¥C JLT trral8Y) RLFERLACLD TO ANOZZLE EX)T
( BLGKELE )
PTF n.  lu. 2u, 3u, 4du, Bu, tu, T, Eu, 90, 100 1106, 120,
FRLQ
KHZ . .
250 wiv,? *21,9 =18.7 -|5,o-'5.2o22,0-|e.t-|7.9-iu.s-le.e-n7.4-20.1-19.3-19.&
L35 |@16,Y 17,2 =14,9 -l?,ovll.3-!8.3-l!.~£"14.6'|5.lllﬂ,50|‘.0-]6.7-‘6.3-]6.6
{00 |e14e8 ©14,9 =12,6 9,8 09.0-!5.7-12;5-!?.?-12.&-tl.|-|2,4-14.5-14,1-|4.3
500 |et1.3 el1.4 efel w67 b Oril tell,! “Yodolu,ietioZel0,2e1),6oli,0e11,6
630] wE.¥ e7,8 4.0 22,7 e, 0 e7.7 byl wd 0 0b,d4 w6,6 v, 7,6 7,2 =7,1
RO0| eS.1 5.6 edet wy,u e1,4 «b.3 et 2,5 »3,4 ad, b 4,3 w6,2 =5,0 =5,5
Voo | s4e8 e8.2 2.4 en,l e0,7 23,8 e3,1 0241 =249 wdgl +3,8 «5.9 =8§,2 -8,2
1.25 83 ¥ 4,7 .t,? 0,0 “0e1 =2.4 =242 o1& 22,2 «J,.4 ©3,6 6,0 *5,2 5.2
1.60 ©2.7 3.0 '] 2,2 1,4 »y, 6 =1y¢ eUe) olgi =2,6 v2_.9 8.5 -4,5 Y
200 | 2.9 0.4 2.4 4,0 3.5 =0,1 =u.k o7 oU,7 2,4 o3, 1 =4,9 »d,6 «5,2
260 | mt,d 1.6 4.1 5.9 4.k Ul Vel Uo9 =Ued =2,1 =3,1 =8,3 »d,9 «5.5
3.15 | wg.€ 2.6 Jel 7,0 6,3 en,4 Ul 142 oC,t 02,0 »3,5 5,7 =5,4 «6,3
4.00 | =89 3.2 6,6 H.2 6,5 2,1 eUgS tigd =1,3 o3,2 ©5,5 «?7,2 7,8 =9,1
500 | wt.e 4.8 6.7 9.4 6.6 <4t wb,? ©2,3 ud,6 o7, 7e11,6n14,5a18,8216,9
6.30 107 86 12.0 12,7 S,2 =u.7 e3¢t Ul =2,8 .6,2 =8,8 «8,4 =7,4 «8,1
8.00 of,? 7.3 0.9 Vu.2 2.8 o) 2 1,7 e8alvlu 4 »8,2 wd,d wd,5 »8,2 <6.0
10.0 -t 2 €.2 $.7 6.4 w4, 3.5 UeC el =U,d »2,3 =6,2 =9,8 «8,8 <R, 6
1205 | etug 8.8 11,0 1,6 1.7 43 Tt ed.? 03,6 8,0 7,0 #6.6 »F,9012,7
16.0 %9 $.9 6.2 =0,4 2,3 =4, vyt =543 vG,7013,8a14,8e18,2~18,3211,1
20.0 w0 4.9 2.1 la1e10,7 =4.d 546 =7.€613,6015,1016,0019,9=15,0210,2
25.0 W31 9.8 e2.4 4,0 9,4 4,4 Iy U3 w?42012,5211,6213,3210,3¢10,2
3.5 »d,§ 9.5 0.5 =1,9 «7.0 6,0 =uyl wu,% e9,7011.2 »8,3015.7=-13,2012,4
[TANN] el .2 13,9 1.6 =7,9m)0,4 3,2 4,8 =t.C «9,4 -9_.4-11.!-15.7-15.3-|0.0
9.0 2. 21,4 14,6 9,1 el ¥ 11,8 74,lelu.d =U,4 -5.5-12,4-15.5-14.3-|4.9
£1.0 7.4 27.2 21.4 5.4 7,3 7.6 13.¢ -'!.7-l4-u—_l_§.7-16.l-lo.u-2l.5-18.9 4
OPTF, - NOSPL¢ e
24,2 1.0 1,7 w30 04,3 o7,) «€,] o7.E sB.7010.2 29,501 a7011,3¢11,6
CONICAL NOZZLE (Run no = 82)
(M15S10N anbLL (RLLATLVL 10 JCY EXRAUST) REFERENCED 10 NOZZLE EXIT
( DLURELES )
0 PTF, 6. 10. 20, Ju. 4u. B, Eu, Tu. Bo, 90, 100, 110, 120, -
£Q
KhZ . B
250 e22,2 o21,3 «27,.4 -28,3-i8.b-?4.8-?b.4-20.9-2|.7-22‘.5-18;7-24.4-21,2-20.5
At letp 7 e, 21,4 -2|,4-|5.u-19.§-lc.7-|7.u-17.8-18.7-15.6-20.1-17 9217,2
o |erg,? e14.9 1942 -|9,|-|?.9-|7.e-|l.t-|4.¢-1s.o-|e;5-|3;7.17.9-':.5 1943
S0 a3, wi0.3 11,6 -9,0-!0.7-!3.7-|l.enlz.u-\2,5.13,5.11;9.11,5.13,4.13.1
630 le1g,6 @71 w7, '5,7 wBolelu,? sl b CLIY ] '9.5‘10..‘ .9n6.|‘.4"1°.7'|°.° J
200 | w77 4.2 ef.G e2a9 =48 %6,3 =t,1 st U =Geb =70 #7,0 «8,2 »8,1 =7,9 i
1,00 | @8 6 1,7 @243 =0,0 =248 =1,d «4,C =4,1 ed,? af,7 5,1 w6,2 =6, =63 ;
126 | raed 0.8 8.6 1,0 =1.3 21,8 eZeZ wisl 3,8 w8, 4,4 8,3 5,4 «5,4
160 | 3.8 1,4 0,7 2,3 #0,) =0, 1,6 2,2 «2,9 «d,3 =3,9 8,2 25,3 «5,0
200 | w2.8 3.3 2.5 4,0 1.8 0,8 eba? eled =2,u =3,2 ©3,5 4,9 =4,8 =47 Y
250 | w1ad 5.3 4.7 6,2 3,2 2.6 14C eny! e1,0 »2,4 3,1 =d,8 «d,6 «4,9
10 | w8.d 7.9 €ed  Tu7 Q.7 3,0 &€ UeR 0,3 =2,) w3, =4,7 =4,7 =5,8
b.on =2 8.8 7.t upb SUJ 2-! ea! us 8 o0,7 2,7 ".7 0,1 -6,2 '7’.2
5.0n Bod Y8 G5 101 .1 3T NeE uel =20 «d,) =7, ©B,3 =B,8 =9,7
6. 30 2.% 12,1 12.4 '3’l 9,2 5.7 3.t .t «3,d '6»6"0-0"1.0"“.0"1;2
R, on o 12.2 12,1 Mi.m 7,4 3.4 a7, ol PelUe2210,1wl0,8ali 2210,%9011,0
*10.0 7.2 26,1 26.u V9,5 10,6 3,7 et elisd #U6 62,1 wd,) 5,3 =5,7 <«6,1
12.4 1,8 13,5 14,4 13,0 7.2 0,7 aZyd =3} 5,0 ©9,1=10,9=11.7=12,1013,8
16.0 4.6 18,2 15.4 11,6 2,9 23,7 et,] bt oG, 7012,1m13,201d,4=15,0014,6
20.0 wg,] 14,5 15,7 By 1,2 =2,2 8,8 ol o8e12,0015,8016,6018,6=18,0-i8,b
75.0 .9 17,4 18,0 7.7 2,3 e2,4 «bt el ey, de13,2014,5018,4w16, 917,43
3ty & N7 7 17,3 2,3 1,2 =5t et tell d014,8018,1e16,8200.9=19,%¢19,8 ;
10.0 12 2103 19,3 5,2 0.5 =7.defu.8e1P 3018,2015.1018,601H,6018,2000,4 /
50.0 2.6 19,7 19,0 7.2 -JJ-W.?-II.‘E-H.hlb.I-|5.7-|7.2-?0.9-!8.7-22.0
3.0 1,8 16,5 37,0 B.4 eB.7 w? deld ielPabel?, 7013 8012, ,A0)7,2921,9=027,4 ¢
OFTH — NOSPL e
2¢,t 3.8 3.3 P50 ®2.0 4,7 o5 ety =7.8 =9, o8,710,5<10,5=10,4
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173 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,)

= 0.2
MJ M

= 0
T

DAISY LOBE NOZZLE (run no = 20 )

CPISSIUN ANCLE (RLLATIYL 1€ JLT LXPALEY) RUFERLMCED YO NOZ7LE EXTY

U DLGKELE )
PTF; . 1o, 2u, Jue du, tU. tw, 70, By, 90, 100, 110, 120,
FREQ
KHZ . .
,250[=21,0 18,3 ©37,14 -lb,9-l9.3-?l.4c|&¢!-3u.?.?b.3-?2,lolJ.B-??mUOQJ.O-ZJ,b
315{016,8 o18,€ @34,€ 216,0a16,50211,7015 401746417 ,6019,4e13,0023,4020,6021,:0
400 (17,8 014,2 @33st c2U iwi5oUn20 2012 b0 1?0 10,2017 ,9012,402],9014,3a10,6
.500]|e1& 4 o1t 6 «3g,5 *21,4012,4019 711 ,0a13,8013,9218,8-12,5=]18,117,3e17,6
630[= 13,4 B8 20,2 26,9 =9,5+18,€ olilolleunll lal2,7012,601d,H014,7¢15,0
800{et 1 i 8.7 28,9 020.9 #) 1018,8 atyl sl l ol 8010e2e10,30i2,2012,6e12,7
1,00 | »%.€ w8,2 «24,2 =19,7 «5,2019,0 o4yl 87,4 »7,4 wf,¢ 09,10l 6e1f,3011,
1.25 | 87,8 20,2 «22.6 10, h 23, 3u17,4 al oyl wb,) 5,7 «?,1 «b,0 n9,dei0,3010,4
160 [ %€, 07,9 «21,d4 6,3 =1,4014,% eugy wd,J #d4,3 =5.0 *6.4 ol 7 29,2 0,8
2.00 ;5,2 »9.9 «20.7 =35 0,205,011, 53,Y 23,0 24,8 4641 «B,G «f,5 =9,0
2.50 | ®402 21340 <2407 =l 4 1,4014,7 Z,L #2,8 27,4 ad,2 45,9 o8,] =8,5 5.3
3.15 | #2304 o102 #21.d 0,8 2.9414.8 3.8 w2 U w1,? «dou 68,7 w8,3 «8,6010,0
4,00 | =3.% 222,8 «22.7 .1 9016 3,) 22,9 22,8 «5,2 =8.1 «9.Half Sel3.2
5.00 ed ¥ 32,7 <24,7 J.0 J.¢-10,0 let =7,7 =6,6 .9,9-'4¢2-|5.5-22.0-25..|
6.30 | =441 «26,9 «P6,% 3,8 €al «6,8 letnllu »G,0013,4014,6%]13,2=15,0016,6
8.00 | =4.€ «38.3 25,8 0.7 5.7 m2.€ L, leluc8917,9414,0010,8 «B.t=137e14.5
10.0 | =2,5 «23,5 24,8 @22 5.2 UG £,€ wh,9 e7,Bell,deldo0eld.1012 312,58
12.5 *1.b -23.5 #268.6 1.9 3.5 1.2 7,4 ed,0e11,0=10.5212,8012,5-15,3a18,6
16.0 *det 29,4 24,0 6,9 1,3 2.1 44 ®5,0914,7218,717,8018,8n18,4e13,9
20,0 [ 2309 =298 edild Ay =29 I 4 I¢6 at,0e19,3021,1e17,8018,2-15,1e15,4
25.0 | =€l o19,0 <18 ¥ el 1 21,4 w1 ) iy wledelu Bei(,1al0,70l3,801Y,4020,5
31.5 *d.1 26,8 «19.8 0.3 e1,0 5.1 1.4 wF 8 27,9012, %10,0017,1~15,8412,3
4o.0 *2.¢ 227,80 22940 1,0 5,6 1.4 Luu el 1e12,4 o0, 8al(,8e15,8e19,3e13,6
50.0 | w1V 9201 31,4 @6 9,8 2.7 Ut miitelt, 1612,5612,20]6,318,401909
63.0 3.9 219,9 «0842 649 1344 5.7 847 t,921658a17,0 el,7el6, 3025, Ha23.2
OPTFj = NOSPL ; -
22,3 *11,6 08,3 7.4 #d, iU, 14, *4.0610,9012,7011,3u]5,3e15,6-15,9
CONICAL NOZZLE (Run No = 116)
LR1SS10M ANGLL (RELATIVE 10 JCY EXFALST) RLFERCNCED TO AGZZLE EX1Y
( DLGREES )
PTF; 26, Y. 40, By, tu, 20, 80, 9u, 100, 110, 120,
FREQ
KHZ . . .
250 -25.6 -l’.? 32,0 -29,] =234 o246 wzd,? '24_.1 '23.5 .2?7,.8 '25..2 24,7
315 |22209 #14,4 «26,6 23,8 #19.t o20,F wZu.6 «JU.) =20,1 «23,9 «22.0 21,8
h00 2243 012,8 <24,€ o1, b af7,8 «1€,5 14,2 19,1 =18, «22,3 =20.5 20,0
500 (#1740 o190, «18,9 eld,n 2id,l «1f € =18,7 *16,u «15,4 «18,9 17,8 e17,¢
630 (01840 7,4 2181 «12,2 all,u 12,8 w17,¢ 13,1 «12,5 »15,8 15,1 o1d,8
(800 |w1848 ed,4 et ! B0 27,7 ef;f e,d =10,d4 9,0 =}2.6 12,3 1250
1.00 s8,4 «2,2 7.9 .‘,'9 5,1 of, o?.2 w8,5 8,0 wiy,t "Uv,‘ 10,2
1,25 o(,2 0,4 5,2 "',U «d,? wl.b 8,8 6,6 -6,2 8,2 =B,4 .'.‘
1.60 | ®4.8 1,7 3.6 0,3 ef.B el,4 v4,u w4,6 wd,9 =56,8 6.6 af.?
2.00 | *3e2 3.6 3a0 1.6 0.2 w0t ezl «3, ] wd,0 =6.4 8,9 8.9
2.59 o2.1 4,8 «2,2 3.-' 1.8 0_.9 .4 -=2.4 '3,2 «3,0 .5,7 .B.’
3.05 [ =hed 8.4 ete) €2 2,8 2,2 sul) 92,3 @33 8,2 «6,2 «f,6
s, 00 ol,2 8.5 "0, 2 "h 3.8 1.7 ould 02,4 "pu 6,6 "'5 [ 2]8.]
5,00 | =828 8.4 g8 6,4 A2 F.i eh.6 93,7 7,2 0,8 =10.5 =l;.8
650 | »0,8 8.6 M E Him 4.1 1,7 3,9 8,2 =12,6 =15,2 “it,0 o)¢,8
8.00 A9 N6 5.7 10,9 3,9 w2, eU.E wB,d a0 =0,8 wy.8 10,8
in.0 4,4 0, 2.6 5_..’ 3,2 .7..3 oot wlUct w11,9 «i8,i 16,2 i,
12,4 #del 1,3 o8,€ 8,1 «don @ly,k «17,9 012,y =16,5 «17,5 18,9 «20,¢
16.0 e,? «8,6 9,3 2,5 @lUgt 12,7 wiu,0 w18,2 »19,2 «21,3 20,8 «22,9
20,0 | =¥e2 247 <o) «d B %6 =10, #13,7 «l4,] #16,d w18,8 o18.1 e)5.
25.0 | ®6.%  G.2 e8,7 «0,0 22,2 «t,5 e4e2 oll,] *13,0 *16,7 *19,0 19,4
31,5 =401 @2,d4 @3 € w7,9 e7,u wt,t elb,| 13,7 ®17.,6 «19,0 «21,” «22,.4
0.0 o105 20,4 @33 2.0 7.2 e1G,7 «1E,Y «1b,d 19,2 «20,7 «23.0 «23.4
0.0 ®t,8 wCol 12,0 =2,0 o740 w12,2 =i4.d ®17.,3 »19,0 »23,6 =25,6 o20,6
f3.0 4,4 #3,4 17,6 7,2 @1t b ol b «1E,6 13,4 =12,4 ©l6,4 »24,4 026,7
OPTF; =~ NOSPL -
2401 #3027 1s§ =300 e6,F @it =lo,u ol1,) @ll.U *13,7 =13.8 o1d.7

RS

194



DAISY LOBE NOZZLE (run No= 20)

EMISS10N ANLLL (RLLATIVE 1€ JCT LakALST) RLFERENCLD 1O NOZZLE €X]T
¢ BLGRLYC )
PTF, 6, 10. 2t, . 4o, Bu. tu, 7u. Bu, 90, 100, 110, 120,
FREQ
KHZ . .
260l a2¢.6 «18,1 «36.9 elB,7019,1971,2=1t,102u,0020,1021,00)3,6026,8-22,8223,3
315l etes2 15,4 eJd4 ) =19,2016,2020,40 Eolel17,3017,4019,1012,8033,2220,4020,8
00| 17,8 «13,9 «32.8 -19,0-14.7-19.8.13.5-|ﬁ.8-|5.9-|7.e-|2.l-21.5-19.o-|9.3
500 | 9198 11,2 239,85 -2!,0-!2.101‘).3-“.7-ll.l'l!.b-|5,|0I2.|-l7.7-|6.9-|7.2
'630] 12,9 8,2 227.6 226,14 «9,0e18,3 w7 e luobolysbei2,2012,1014,2=14,2014,.4
"800 | wifa) ©5.9 =28,0 22,3 =6,3w17,C ed,t #7.5 o8,0 «9,4 =9,5e11,3=11,8211,8
100 | oba€ 8.2 «23,3 «14,7 #d 2e18,6 e 6,4 20,3 ©746 =8,1 ©9,6=10,4a10,4
125 | =€.8 5.2 «21.7 29,7 =2,4016.4 oiys vd.8 =4.8 a6yl =7,0 *8,d4 29,4 =9,9
.60 af,4 6,1 24,5 5,1 wleSw13, b UdS o344 #3,3 «5,0 5,5 =7,8 #8,) 8,7
2.00 wdo? w8.9 =14.,8 2.5 1,2s14,1 2ol ®2,3 02,1 3,5 5,2 «7,9 =7,8 «f,1
2.50 03,2 *12.0 «16,7 0,1 2,4m13,.% 24 218 =t1,4 3,3 4,9 «7,3 -7’5 8,2
3.15 | 2,6 #18,4 -0e.6 1.0 3.7013,7 Q.1 wlel *Us9 03o2 =4,0 «7,5 «8,2 8,2
W00 | elat e2:.6 =22.8 3,3 di1eid? 306 2.6 22,5 25,0 w7,9 »9.6e11,3212,9
5.00 | =447 ©32.5 =24.1 d.8 Qo) w9.8 148 o7,4 26,3 ©9,6014,0=18,3=21,8224,9
530 | =3.3 #25.3 «25.8 4,2 6.4 -6,2 2elelUe? =040212,7013,9012.4=14,3+15,9
800 | =l.¢ #29.6 <290 1.0 6,5 ©1.8 1,1 e9,6087,1=13,3°10,0 8,0=12,913,7
10.0 ot 4 922,4 «23,7 =6,1 6,3 3.1 €,8 24,6 «6,7¢10,3212,9213,0=11,311.4
12.5 o1,d +23,1 =28,2 2,3 3,9 1,5 74 2e9010,6010,0012,4912,1~14,8418,2
16.0 ©3,0 *29.) =269 7.0 1.4 2.2 4,2 G, 80]4,6018,6017,7=18,7=18,3013,7
20.0 od.p =28,7 «31.3 5.4 22,8 3.4 et 630 19,3021,0017,7218,2=15,1+15,4
25.0 6. o19,§ 18,6 oi,9 =1,2 «0,9 Ll =?,2010,7 »9,0010,%13.2213,3000.4
11,5 «Y. ¥ =26,¢6 =184 0,5 -0,8 5, 1,0 o7,€ ©7,7=32,3 »9,8e17,0=15,6012,1
40,0 0z € o2E.8 =28.8 1.8 5,7 1.5 £,2 w2.0012,2 «9,6e10,7015,7-19,2+13.4
50.0 el B =26,4 «31.3 =39 9,9 2.3 U.t UeU10,9012,3012,1216,2=-18,2¢19,8
61.0 4.3 otg,4 «27,8 7.3 13.8 6,2 $,.¢ 7.3016,3216,5 «8,2015,4=2%5,30:2,8
ONTF)  emm— NOSPL ¢ ~—
22.7 11,2 2279 7.0 =3.6e10,% =442 U, 201,50 12,3010,9016,5=19,2015,5
CONJCAL NOZZLE (Run nO = 116 )
EMISSIUN ANGLE (RLLATIVL 1C JCT LXRALSY) RLFERENCED TO NOZZLE EX1T
( DUGRELS )
PTIFy g6. 130. 49, 50, ¢o, 7u, 8o, S0, 100, {10, 120,
FREN
KHZ - . .
.250 [w23,1 15, 29,5 28,8 #21.0 o221 w22,2 21,6 »21,0 =25,3 w22,? «22.1
316 Je1Bod e 11,8 e2d.u e21,7 =1°.0 18,0 =183 =18,1 17,8 «21.4 19,4 18,0
L0 fe17.7 10,2 «22.6 19,2 »15,2 #1€,3 #1606 «16,5 18,9 19,7 17,9 =12,4
500 Jeta,a 7,5 «16,3 13,4 =11,9 wid b o13,1 13,4 «12,8 «15,) 15,2 14,8
€30 |et1.d4 «d,8 =126 8.7 eb.d «5.5 slu.l =lUY 9,9 »13,3 «12,9 »1%,2
800 | @B.Y 2.5 w9.) 8,4 o8,8 £, 7,8 8.5 =8,0 10,7 «10,4 »10,2
1.0 e7.1 4,9 6.6 «l,b ado2 w8,4 wt,U #7,) 6,7 =8,8 e9,1 «@,9
1.24% .5 ,.2 Q.6 eo4.1 =0,8 w27 2.0 4,7 sb,6 5,2 e).1 e),4 07,4
1.60 | «3,€ 2.5 2.7 1,0 =1,0 Ut edel #3,8 ed,1 w6,0 5,8 e%,9
200 | e2ey 3.8 e2.7 1.9 U8 w05 el 8 =2,9 3,7 6,1 8.6 af.€
cin | e2.8 4,7 2,0 3,4 1.6 U9 1Y w2, 3,0 =3,6 w3,5 o8,
310 | et,e 8,8 et 4.3 3,0 2.7 eul? 2.3 3,3 wb,1 6.2 @a6,4
400 .2 8.8 ‘0.2 ‘,b 3.8 1.7 LIRS ] - d vd,? -f,6 '7’5 wl,8
v | e8e? 5.5 0.9 6pb 4,3 2,3 ei,b w37 el 1 =0,8 «10,4 1,7
b .7 6.5 2.7 9.7 5,0 2.6 w3.u 97,3 «11,8 «14,3 «15,1 =18,9
R 00 1.6 6.7 6.8 11,7 4,7 wl, 2 8,0 a?,5 e8,1 08,8 «b,0 e%,9
®i0.0 12,1 17,4 13,9 21,5 13,6 B8 12,2 6, 3.0 3.1 1.6 7.1
125 | @1e3 159 e3.d 14,3 U7 «B.Z =tu,3 =8,8 o14,2 15,4 <16,7 oit,]
16.0 o8, =5,5 9,2 2.0 =10,0 @l12,6 wiv U 18,1 =191 21,2 20,7 «22,.8
o et ! 2,8 «d 0 4,7 «9,8 «10,2 13,0 14,0 16,3 18,7 =18,0 «1%,1
LI eG.1 6.4 9,6 =01 w2,0 wt,8 eV, ell,u =12,9 ©16,8 ~18,9 16,2
316 letg,9 2.2 edod 7.6 6,8 .6 14,4 12,9 ©17,4 «19,6 «21,% 22,7
40,9 |ete. ) 6,0 o3.0 al,b oG b =8, ¢ ei18,b wib,U »18,8 020,4 w22.7 #23,0
50,0 01,0 oD,5 12,6 =2,0 «B,4 «17,7 =1E,¥ 16,7 #10.4 22,9 *28,1 «28,0
610 Y,t 6,) 22.6 2,4 ef,u ef,? =td.u wB,0 e7.,8 11,8 «19,5 =240
Pl - NOTL o
26,7 =1.7 0.1 =luh edgd <BE e7,8 eG.] =0,0 »i1.) 11,7 ott.b
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NT:,)

0.4 =0
MJ= M‘A

DAISY LOBE NOZZLE (Run No = 13 )

EMUISSIOM ANGLL (RLLATIVE 1C JCT DXBALST) RLFERCMCED TO MCZZLE EXIY

( DUGREELE )

PTF; e, 14s 26, Ju, 40, Eu, tu, 2u, Bu, 90, tuu, 110, 120,
FREQ
KHZ
,250|022,8 38,7 «13,8 -lS P2016,802€6,401) yE0?1,7027,0228,20027,4029,4226,06026,3
L315{e1y,7 834,6 -|I.9 0l2,4-ll e21, e-u.e-m.oaau.e-zz 8023,1025,3223,0023,7
400 |e1E,8 32,6 =10.9 =11,0012,8e19,6213,0017, 6018,9021,1021,3023,%022,4022,3
,500]|018,8 28,8 5.7 eB.Smin, 3:!5 tollgCelb,Coio, B-IB §o]0,2019,1220,1=20,1
630|012, 25,8 8,1 -6 ) o Bell,? o7 tel?,9014,2016,5012,6015,7017,3017,3
,800| ®¥,€ ©22.1 8,0 -J,ﬂ a§,0 '7.0 od -G.b-H.u-li Gu10,dm)2,9~14,0014,3
1,00 | ©7,% 19,3 <d4.6 «1,.7 -J.U w32 -lg-t ®7.1 *A,%21(,5 =8, 9-11.2-11 6e12,5
1.2% .’ .17, 5 3.7 -0 A eled «ily,7 (yd 4,9 =0,4 '6.5 ’7 6-!0.0-10.“11 2
1.60 -! ¢ ol’.Q @34 0,9 0.4 1,7 G, e2.7 04,3 ab,8 «6,7 «0,1 «8,7 0,7
2.00 '2.‘ e18,0 3.6 1,5 2,u 2, 443 =i, '2., 05.1 “6,0 =B, -7 7 =9,2
2.50 el ,4 22,4 4,6 1,3 3.0 & BT 0.2 e1,7 4.0 5,7 .a‘l «8,0 =9,8
3.15 o ,2 =34,9 «5,€ opb 3.9 59! b L) Lol =05 =3, '5.0 »8,.5 ‘vg‘tlo.
§.00 | P87 029,33 7.7 «0,0 3,7 8,4 7, (.4 02,2 »85,4 «?,8010.3=15,1e15,1
5.00 | ®8e? *25.4 9.4 @i 4 2,8 6,5 74t w10 24,6 «8,401],6018,1-25,8422,3
6.30 | »8.% 29,2 9,0 ed,H F.4 9,0 8,5 =b,Fel2.5e18, 4-!0.6-!0.7-17 6e17,4
8.00 et 22¢,.8 =10,4 @), 4,8 6,2 ob,lelG,us24, 5019 4 '9¢9-10i4-|5i06|3 7
10.0 04,5 623,3 12,0 8,3 5,3 0,3 1.t «9.5 9,822, S-IO 6ml2,.9014,0=13.8
12.5 € B 220,80 <12,8 «8,9 1,5 ov,? «0y¢ ot o]l 4016 3-17,5-18 2020,1=18,7
16.0 7,8 o19,8 «11,6 8,4 8,2 u,9 Vst -E.S-|9.l-l9 Jeld,de17,2217,7221,0
20.0 ®7.9 16,5 «11,5 -l? b =748 1,8 yytelusdell, 0024,7=13,7=16,6-18,0-18,9
25.0 of,0 »14,2 «13,3 'b" «2.,4 3,7 .‘.‘ 3.9 -5.9-]0,5-12.2-12.8-17'.0-21.6
3.5 od 4 otd,l 18,6 "..b d, 2..5 w1y 3.7 8,8 =7,1=14, 1'20 1e12,8517.1
uo.0 o6,€ 02¢,3 a20.9 «13,5 0,9 1,8 0utel7,0010,4 «9,0=14,6016,6217,7217,9
50,0 o741 224,2 *P1,6 «27,6 3,6 w0 d elySell,lell, 114, 4‘20.5-21.9-19 1»22,8
63.n0 d,4 24,5 =22.0 2246 0,2 @), € o€, 7011.9015,6020,1+}6,8u62(,82208,6025,2
OPTF; NOSPL; — i
23,8 224,08 8,9 26,2 54,0 =4,) =377 o0, 1alt,3013,8a13,0010,Be1b,4a17,1
|
CONICAL NOZZLE (ruw No = 91 )
LPISSION ANGLE (RLLATEVL 1C JET UXMAUBT) RLFERENCED TO MNOZ2LE EXIT
( DEGKLES )
e | PTF ¢ 10, 20, J0. 4du, B, tu, 7u, Bu, 90, 100, 110, 126,
KHZ
.250 j22,3 #29,2 <16, -|2 7el?,4e2],2020,6019.9028,2024,7022,08028,3019,9+2%,7
315 |e19,8 «20,9 «13,8 -IO,G-I4.2-|7 7017 ybwl?0e21,8%2], 4-20.1.2‘ 8e2), 40 ‘6.2
400 [e18,2 27,3 «12,) «9,0e12,9216,201€,0015,7020, 4020,1010,9023,d022,2024,8
500 [@18,8 027,85 @195 «8,) w9 ,Bui2 7eiZyin)2.9917,2016,7216,8019,8=19,9021,2
L630 [912,€ »27,9 8.0 -ﬂ J «6,9 -9.6 eb,luly,teld, 2013, 7o|4.l-16 Je'?,4018,0
. 800 o4,7 »23,.4 .Sng '3, o3 8 w1 o€, w7 3“0.6"0,0'30."‘3.‘-“ ."5,0
1.00 | #2.% o19,1 4,3 ei,9 o190 w), 4 -l..! 05,3 97,5 28,6 8,0511.412,5012,8
1,25 | ®8,8 o16,9 +3,6 «0,6 «0,4 o}, 3 «Got w3.3 =4,0 0200 ©7.8 «0,4e1048¢11,3
1,60 | «d,1 o13,7 3,6 0,8 1,0 U,7 olyk w18 02,8 5,5 «6,3 sl,1 8,9 =9,9
72.00 -2,9 12,9 3,7 ',' 242 243 U7 =) ¢1,3 =40 .5.| '7.0 v?,8 «8,8
2.50 2.2 14,6 4,0 0.8 2,8 2.2 5."4' Lol o1,1 3,1 -4.4 8,7 07.l *8,3
3.15 1,0 «21,5 5,4 0,7 3,0 3.3 08 2.0 0,6 =2,8 -4,2 »6,2 7,4 «8.4
4.00 »1,5 «23,8 7.1 *0,5 2,3 2,8 -l.l 5.5 0,8 2,3 24,9 7,2 «§,5-10,9
5.00 1,9 «31,9 8,8 03, Tal 3,0 4,8 2.8 20,6 «3,4 o?,60i0,2913,2015,0
6.30 ©1,6 e2¥,4 wB.U #2,0 0,9 4,3 EJE 2,4 21,3 =7;0e13,3018,4019,9021,0
8.00 wiyl #2244 9,3 ’J.\' 06?7 5,‘ 742 143 o7, 5"3."'2.0"0.8"' 4012,5
10.0 o, 8 «23,3 «10.7 .‘,i 0,3 8.2 7.6 o1,8 «2,8 «4,3 «6,8 -9.9-!4.0-]5 4
12.4 vd,d 26,5 «17,2 =it pU 0,8 (3 &, 8,0 «B,4eit, 30]‘ 4»19,519,5.21,8
16.0 w1 27,3 «18,7 -|e | =825 =007 U.d ~8.85212.7210%1e1320018,5021,3023.9
20.0 ®7.8 19,7 «16,4 1654 =6.3 1.8 a2yt el,0 ©9,B8e17,7017,Bu19,4122,8024,9
25.0 wd 6 22¢,2 «13,4 -lll,? 6.6 6.4 1.9 7,7 «B.2e18, 9-!6 Bull,dei7,1019,1
3.5 4,8 19,8 =18,2 «18,5 «7,4 §.8 .4 2,2 -8, 2214,0=16,8=17,5~17,8220,3
40.0 8,7 °19,08 «22,1 "a’ 0,9 U.7 ed, ¢ .7.|'.||.7.13’u.|‘.7‘|’ 3022.2-25 3
50.0 7.2 18,2 «22.8 «21,6 8,2 4,3 «4,7 o) 013,617 ,0017,0023,6223,6+28,4
63.0 | 2190e2 ©16,8 =18.,6 w16, 811,85 0,7 -s.--la.?'.s.z-n Jeo|6,8w2(.9e14,8030.2
OPTF; NOSPL -t
24,0 21,8 ol,7 «B8,4 YN

3.0 wd,1 wtod eB,801t,0w]l,5014,2015,30i6,2
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PAGE 1S

RIGLES . . . :
%E POOR QUALITYL 1,3 0CTAVE NTC (@B) WiTH RESPECT 10 VRANSMITIED SPI (NTC,)
My =04 MpT O
DAISY LOBL NOZZLE (RUN no= 13)
EMISYIUN ANGLL (RphaTavi 10 JEY EXRALET) RLTEREACLD TO AC221LE £X17
( DLGRLES )
PTFy €. 0. 20, 3Ju, 4U. L. Cu. 7v. By, 90, 10U, 110, 120,
FREQ
KHZ
250 #2203 «l8,6 13,7 NINEITR Te26,201743021,%22, 7028,0027,2-24,202b,4226,2
L316| @15 ,8 34,4 o14,) -!2.?-:3 7eZlstold dolf Be2Y,un22,3022,9270,1023,6023,5
L00| 1748 232,06 «10.6 «10,7=12,dw19,7e12, ke’ ,4aly, 6-20.3-2[ 1023,3222,1022,1
500 @18.8 028,5 6,4 #8,3210,0e!5.3010yl018,3010,6018,06010,0018,919,8019,8
630 ot2.€ #25.1 =7.7 -5,0 24wl |, oD il 8013, U-I5 8e12,3e15,38-17, 0e17,0
.800| oW.t ®21.4 5.3 2.8 =4,0 6,3 o2, 0 wb, 9-10.3-12 ¢ -9‘7-12.3-13 3e13,7
1.00 | ®Eof o18,3 a3o6 @08 22,1 =2,% obol ot,] 7,5 «9,8 «7,9¢10,310,8e11,5
1.25 v4,6 10,4 «2,€ 0,7 =0ad 0,3 1,4 3,5 ©5,3 «7,4 6,7 «8,9 *9,010,1
1.60 w2,8 o16,9 2.4 1ay 1,4 2.7 3,5 =1.7 =3,3 28,8 =5,7 «8,1 =7,7 8,7
200 | o1,7 17,3 @2.9 2.7 2,7 It 40 wu,d e2,1 ed,d 85,3 #7,9 nrio 8,9
2.50 ol,8 21,9 e4,) 1,8 3,85 4,0 €4c 0.7 1,2 a3, € 5,2 #8,0 7,8 =8,0
3,15 2.2 «Jd,l 8,2 1o 4,2 5,4 2,6 1,9 0,2 3,0 =4,7 «B,1 =9,0e1(,2
000 | ode% ©29,2 2.8 w01 3,9 5% 2,1 (.6 «2,1 «5,) «7,7«10,2=15,0015.0
5.00 | ®Bed wZE.1 9.1 @lal Il €8 745 wul? 24,2 «8,2-11,3014,922%,8222,0
6,30 8.6 28,1 7.8 0.7 4,8 tu,) 7, «3.8¢11,3017,3 «9,4 #9,.8elii deib,2
8.00 w3,8 029,6 =192 =J,0 5,0 6,4 of ,defl,5024,3019,2 =9, Bu1y,Ie14,8013,b
0.0 4.4 *23.3 =6, 8,2 5.4 4.4 1,k eG,8 9,722, 5-10 Se12,8013,8«13,7
12.6 et 7 -l9,9 127 -B'_h o6 =y,t -L.l b, 2"'.3']6,2"7 dejll, 1'20.0-15.
16.0 7.3 019,77 e11.4 8,0 8.0 i.) 140 *8,3019,0e19,12i4,2e17,1=17,3020,8
20.0 @CLE o16,3 =11,) 12,4 87,6 2,0 U7elu,2017,8224,5-13,616,8=18.7=18,0
25.0 8,9 <141 13,1 «5.3 22,3 3.0 e1,2 «3.8 ©5,8010,3012,0012,6017.6a21,6
3.6 o3 .t «13,3 etd,b .7’5 3,2 J.€ ot 4 4,8 «8,0 =€, 3"3 4e19, J"atl"c 4
4,0 w€.? <20.% -20.3 =13,4 1,0 1,5 U lelb,9010,3 «9,8:14,516,5017,6«17,.8
40, 0 oG,y 23,9 =21.4 -27,4 3,9 =0,2 -I.7-I?.d-lu.8-14.1-20.6-?l.6-I8.9-22.5
A3 0 04 2 220.4 «21.8 23,9 8,3 €3, o€, (ol) Bo1%,4e20,0=16,7020,7-28,%025,1
ORIl - NOSPL ¢
Q3. F 24,5 wB,6 w8 3,7 I b 2,5 #8,B010,9213,8212,6015,4-16,1«16,8

CONICAL NOZZLE (Run nNo =

91 )

EMISSTUN ANGLE (HLLATLVE

1C JEY EXPAUST) RUFERENCED TO NCZZLE EX1T

( DEGRLYE )
PTFHy o, 10, 20, Jdu. 40, Et, ¢tu, ?¢. Bu, 90, 100, 1.0. 120,
FREG
H?

L2t0|e21 .8 egB,4 15,3 c11,9210,6020,4%20,1019,1024,4023,9022,0827, 5225,1028,9
361w, 22,1 «13,.0 -Io Q=1 Al ,B8el€,6alb,?e21,0n20,6-10,3+24,nn22,6-28,4
G |e17,3 wgb.a =11,5 =9 T Uel5,4015,2014.9019,5«19,218,0022,521,4224,0
500 [@14,8 «26,6 o5t 7,3 =B,B8eli Eoll del|,9016,3=15,8=15,6-18.9219,0«20,2
630 Jwt 1, § 220,7 6,9 -5 2 =5,7 #8,4 sEyC o8, ,Se1], 1} 2 Bel2,9015,5e16,3016,9
LBoo| e¥,€ »22.3 4,8 -?,ﬁ 22,7 =5,.1 8,1 ’60’ =9,5 -9.7 '9.9-12.3-|J.8-|3.9

1,06 wC,7 w18, =3.5 w1, el ] w2.¢ 8l 04,8 06,7 7,8 =8,1e10,3m11,7012,1

1,00 | #8.2 «18,4 23,0 0,0 042 =(.7 *24C «2.7 24,3 6,4 «6,0 b, «9,9010,8

VR 23,6 213,44 «3,] 4,7 1,3 0,9 #Ued ©1,) 2,5 »5,2 »6,0 7,8 =8,06 «9,7

200 | e2.9 «12.8 .3,6 1,0 2.3 2.7 1,7 0.3 «1,3 24,0 5,1 «7,0 »7,7 «8,7

PN 2,1 «1d,6 ed, Q¥ 2.8 2,7 242 1.0 olel 03,0 vd .4 «6,7 7,4 «8,)

3.4 -0,5 «21,8 ...3 0,8 Jg1 3.4 3, 2,1 =0,6 2,8 4,1 «6,2 =7, «8,3

[ 21,5 23,8 el.u =y,0 2,3 2,8 Tt 2.8 0,08 «2,) 4,9 w7,2 «8,3»10,9

Loy | et .9 «31,9 o8,8 82,2 1,1 3,0 448 2,5 eU,6 w3, & ©7,6e10,2213,2014,9

6.0 | mg,7 28,6 =B.l elab 1,8 8,1 ty2 3,) wU,d «6,1812,4e15,619,0020,1
B0 | 1,0 #22.4 o4.2 2,9 0,8 5.7 7.2 1.4 07,4212,0012,0e10,7=11,4042,4
1n.g w3 *22,7 =10,° "’35 Ve 5,7 Eyl oty =2,3 04,0 ob6,0 =5,9=13,%14,8
12.¢ 08,0 «20,1 «1EE wil,? =41 0,7 L ed € »5,1e)U,00t4,0019,1019,102),.4
16.0 wl, i 27,3 =18,6€ AL wh,8 en, 7 {oE 08.4-la.ﬁ-le,O-IS.B-IU.B-?I.2-23.9
LoLn 7.4 o1y,7 e1g5,4 16,4 06,2 1,9 edyC 7,9 ©G,8017,7017,8e19,48022,8024,8
25.0 4.3 20,1 13,3 «td, 1 =0,5 0,5 1u€ »7.€ =Belal6,7e16,7=]18,3e17,0e19,0
.y 04,4 »18,9 ajB. 1 «15,4 07,3 €.t U, w2,1 #B8,101d,1015,517,4e17,5820,2
80.0 | @845 19,6 =21,9 18,7 29,7 5,0 vyt ot %oll,5e12,8=14,5017,1=21,0025,1
v0.n wG.Y »17,9 22,2 «21,3 07,9 4.6 w5,! eb,7e1),30)6,6017,402),3e23,325,1
Hnyn nlig.y el5,6 w1B8,4 «16,H«11,3 0,95 b bel2,0015,1017,1=16,0020,7a14,6229,9

O, —-— NOSHE, -

24,8 021,48 7.6 w8,7 23,8 w31 2,4 #8,.% eb,iofUJel0.8013,.d014,5¢15,8




1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTCy)

M."=

0,6

M

0

T

DAISY LOBE NOZZLE (Run no = 14 )

s+

.o,

P

EMISSION ANGLE (RLUATIVE TC JET L XeALET) RLFERCMCED 70 NOZ2LE EXIT
¢ DEGRELE )
PTFy 16, 20, 3u, 4u, 50, to. Ju. B0, WU, 100, 1104 Y20,
FREQ
KHZ .
T250 (w2152 13,0 21342 215,35 020, b 18,7 ©14,8 €22,8 26,2027,2031,1233,3420,9
315 e 18,8 11,8 o11,4 013 ) @17,8 012,86 =17,y 19,8 #27,3023,0027, ;-29 10e26,8
(k00 et7,4 01 1,8 01004 11,7 o180 o114 o18,) s1€,.4 «20,08022,1428, 7-27.2-25 2
500let%ig 9.7 B, @9, @12, «B.7 13,2 #1864 -la,hlﬂ 1921,7221,8022,)
630[m11,8 7,8 68 8,0 00,2 SE.) eiy,d -l?,! -14,0-14,5-18 2017 ,4418,8
800| @M.8 0,0 3.7 3,0 oB,) @20 92,4 o§,0 el 1e11;9014,8»15,0014,9
1.00 [ ®€e® 8.8 2,0 el,0 2,2 0.4 et,u »),) -9 Cel0,0012,8.13,2013,2
1,26 | =4,7 6,0 4.9 0,1 Uel 2,3 olou whe8 ©7,4 w8 7ell,1=1]1,0012,8
160 | #3440 7.5 <88 1,8 1, 3.8 «i,d4 ed,1 7,0 -a,oolo.lolo Be12,0
200 | #2.2 8.8 8.7 2,4 3,8 B w0sl w0 e6,0 il =841 =F, 7-1149
2.50 1 o8l =0,6 4.7 4,2 8.8 B0 1.4 2,0 3,7 e5,7 =8,4 =8, 7-||.e
305 | 9.5 9.3 2,0 41 641 S.u Ay wlld .4.2 v8.7 «0.0e10,10)2:1
4.00 | 2140 o14,8 o8, 1,2 4,4 7.7 1.0 wd,d 8,8 -7.5-10.‘0!3 Yei7,.4
5.00 | ®8.8 #12,3 8.6 0.0 8,0 S.u eiu wl.d e742012,2013,6+1%, 7.23,3
6.30 1,6 9,4 8,8 1,8 8,8 10,1 ot,) 12,9 ©13,710,8 =9, 9-10,4-!5 4
8.00 | #ia? o19,6 8,6 0.0 9.2 3,1 b, -le ? -1:,3-10.0-12 4e17,8015,2
0.0 6.2 o16,6 6,4 =0,6 10,0 6.t ey} 6oy «id,0013,6013,7=12, 2-|6.
12.5 02,6 15,9 2,3 0,2  de2  £,5 7,5 7,8 9,7 e7,1e12, 2-13.1-20 5
16.0 w/ol 23,9 ed,8 8,5 60,0 Q,] et ¥ 8,2 «12,2¢10,2011,2+15, 4e25,4
2000 | 9.2 9224 8,1 o8 24,8 (€ otu.) 8,7 -9.a-|o.stts.|-ts 3.26,2
25.0 07,6 «19,2 6,2 -’..0 ‘3,' [} O’_.U '06_.6 .9 -] " oalt, 5"2 2'27 2
31.5 ot & »20.6 6,8 «l,8 143 Yol 'wligb 06,8 .7 2 -8, 3=t3, 6=16, Te21,7
40.0 ©7. $26.7 =19,7 =9.9 al,3 3,7 eb.d e11,9 w7 Beil 6ul13.9020,1021.0
50.0 |®12.0 31,4 *24,0 =14,0 +7,3 «3.4 o121 11,6 =10, 8=10,5616,3-16,8+22,0
63.0 |®13.0 32,4 24,2 =20.9 «9.8 w4 o10.1 913,) o19,6013,4416.7223,0028.0
OPTF; - NOSPL;
24,0 o141 7.1 5.3 @32 el,d4 w0 211U «13,4=13,7416,9217,8419,3
CONICSL NOZZLE (Run No = 106)
EMISSION ANGLE C(RELAT.VE 10 JET EXPAUST) REFERENCED 70 MOZZLE EXIT
C DEGREES )
- PTF; '6. 20, 3n, 4u, Do, ou. 70, 80, 90, 100, 110, 120,
KHZ . .
.250 (022,58 18,8 e11,¢ =15.4 =190 -26.7 “24,0 23,3 =27,3e27,2030,4229,G020,4
L35 |w19,8 13,8 08,9 «12,b 16,2 22,2 w20,4 wi(,¢ -24,1-3&.?-26 7u26.7-25 ?
400 |et7,% 12,6 7,6 -Il $ 14,8 o20,8 18,6 «19,0 #22,622,7228,1628,2524,3
500 [a18,4 o106, 8 8.4 -6,2 11,4 «1€,7 #14,8 16,7 .19, 8920,6021,3u22,7+72,1
630 [w12,6 «B,7? o3.0 «8,3 8.4 —13.4 ol},8 14,1 «17,0018,118,0620,0219,7
.800| ¥, o7, W1 01,2 2,6 e5,0 «8,) w2,0 11,5 «jd,4uid, 90,0017, -lh!
100 | 7.8 eb.a  e.t “0,9 1,0 «€,7 wd,2 8,8 el1,Tali,Be13,2015,1014,9
1.25 | 8,8 -5_4 §.9 00,2 ved wd, 3 w18 eb,? -o,u PRl Al 1oi2,9
1,60 | #4,6 5,4 .8 Q.8 1.7 a3 7 eu.d ed,7 7,8 -7.1 od, Oull.hll.
2.00 el 6,3 Q.4 ',5 2,2 ‘3.5 09? "29’ -§p7 .5.’ =8, b4 -9,8 .'.9
2.50 | *3.3 w2.9 1,0 0.7 2.8 «l,7 {0 wl,0 3,7 88,1 #7,7 =04 «8,9
3.15 | 92,9 e9,.4 a1,7 0,1 244 =0,b 2,7 0,6 «Z,1 $5,0 «7.0 =7,8 5,9
4,00 | 22,9 13,2 2,80 =1,7 1.2 «0,7 2.8 1,2 o1,8 .7 4 »8,0 9, 4-|l ’
5.00 | 3.4 o18.5 3.6 w29 eUef =l 0 3.4 0 =32 «?.9e11.3014, 9-|9 4
6.30 | 3,6 16,6 8,7 @34 09 1.1 4.4 01,7 =8,3e13,7020,1019,2+17,9
B.0u | w6e0 o16.6 9.0 «8,5 2,0 =0, 1,7 6.6 =13, Belitaciz, 7-14.5-15 9
10.0 b, 29,2 «13,6 =9,0 8,5 al, b wuoY 11,4 $10,0016,3e19,2024, 0e2456
2.4 6,7 o199 <1940 wlpd 85,8 2,4 e2,2 6,8 -l@ Jeld,2ei8,8016,9¢19,0
16.0 '!.. ‘23 7 =13,9 -8,9 -ld,7 |p9 ed,l »8,3 -12 2wi6, 5022.9032..I£2 3
20.0 w6, e27,1 ©17,7 w10,2 o¥e) 2,7 el #7,7 =18,3e24,4628, Ee30,0-28,3
25.0 4,0 -22.9 ald.d «9,8 eB,2 A3 3,7 -w8.0 =18, YRNTH 9e23,8020,8
31.5 |et9,6 =27,4 «29.0 -7 8 =12,4 «2,u w34 wiu,B -12.7-15 De28,1=27,3024,7
h0.0 |et4,? «31,6 04,4 «11,4 7.6 102 vided 11,0 ©23,2020,8029,1032,5029,3
50.0 |wtg,.) »22,8 28,4 -le 6 o1y I,¥ -l?,l wid,y *24,0002, 2-33.4-31 §029,0
63.0 g B 08,9 o2d,7 =23.5 #16,1 (0.3 »12.4 17,V -20 -—vzs.o-ae 8e39, 8-33.3
OPTF; NOSPL § = - ——
V3.6 10,9 odab B3 8,2 2,4 8,3 o0\ «]12,4013,4a19,9017,4017,8

198

B % e




OnIG

oF POOR QUA

0.6 n

My T

0

TNAL PAGE 18 1/3 0CTAVE NTC (dB) WITH RESPECT 10 TRANSHITTED SPL (NTC)
ATy

DAISY 10BE NOZZLE (R tio= 1)

=

EM1SSTUN ANGLL (RULATLVE 10 JEV LXFALSY) REFERENCLD TO MEZZLE EXIT
C DLGRELE )
PTFy g, 20, 0, 44, Ba, eu,  Pu, W9, wu, 0, Bt 020,
FREQ
KHZ . »
250 et W2 1005 010,.) wgdae edead 13,0 w1t Y P P %7020, 7030,6:32,8029,4
L3151etm,Y at1,Y 010,5 12,5 «17.,0 =17,4 =10,b 19,3 #21,8023,1226,2e28,8426,3
400 |@16.9 014.9 9.6 ef1.2 #15,4 ¢106,5 «18,2 «17,8 =20,3021,6028,2= 0,7024,7
500 {wta.8 e9,2 e8,d4 e¥,0 12,3 of,2 w17,7 10,y =17,617,0021,3:21,0021,8
630|818, 7,8 6,0 6.1 eb,? ad, ¥ o465 et2.u ejd,200d,0e)? 010,90 i8,3
800 wE,2 5,5 wde2 3,y wdE el 4 e, ot.G elUsBetl, dela,2e14,8414,4
100 | 8.6 ed.6 1,2 @08 el,3 1,72 8,2 6,0 7,8 9,2v11,06m1:,3e'2,4
1.25 | ®3.7 w8.8  d.t  Mal bl 3.3 el,4 +4.8 e6,4 o7, 01U, 0=10,6011,8
1,60 | 2.6 6,7 .3 2,0 2,7 4,6 si.b 3.3 e8,3 w2,2 09,4 =9,8e11,2
2.00 o1 ,6 eB,1 e§,? 7.9 4,0 €. (o8 2,5 =8,4 @f,6 =8,6 =G,2¢11,4
2.50 .1 8.3 @8 4,4 BB B3 1.7 el,B =35 o6,5 08,2 «8,5¢11.3
3.15 €.5 8.3 1,9 4,0 6,0 St 2,0 ei,B 4,2 =5,7 «8,4=10,0412,0
45,00 | wg,Y 14,5 8,3 1.3 4.4 7.7 169 ©2,3 5.8 w7,4010,3=13,6017,3
5.00 €. «11,5 ed,8 1.1 6,8 Sk 1,2 5,6 «6,4=11,4012,8014,9022.8
5.30 | €.2 8,2 4,4 7,0 14,1 15,3 w08 e),7 8,4 5,5 €47 e5.fel0,]
8.00 | w07 »18,9 @4 8 0.8 10,2 4.1 e?,) =16,6 «12,4 «9,8«11,3=16,514,1
10.0 £.2 11,2 al 0 4,8 15,4 12,0 3.7 eU,7 8,6 =B,1 28,4 . Fel0,8
12.5 Ced 13,6 4,7 ?’0 €,€6 €,9 (oL °h,§ =7.1% .a,o «9 . 8e10,7018.4
16.0 ®7,3 9236 4,5 w8.2 0,8 Q.4 v0,5 w88 eliLY ©0,0010.8213,192541
20.0 of, 1 22,3 «7.9 =9.0 e4,d4 0.7 wli.0 =%,6 <9,3a10,5215,0215,2.28,1
25.0 | 7.8 o191 o6l ®7.8 3.0 Gl s7.0 «3.0 8,7 e9,0e11,4=12,2027,1
31.5 w6,) v2€,4 =6 8 od 6 1,8 U3 eb,4 6,6 =6,3 =5,1a13.316,4021.4
Lg.o eGL8 o2 4 «19,5 @9,7 elal 1§ abet all,6 =7,€e11,3ai3,7=19,5221,2
50.0 lat1ed =31 3 =23.9 =12,8 #7,2 3,2 e12.u #1114 210,3210,3216,2016,7222,8
63.0 la12.9 31.8 24,0 20,7 09,4 @d,2 =i L #13.€6 ©18,5213,2016,5922,8027.9
OPTF; e NOSFL -
24,6 =Y. efedi we, 02,7 @(,f 7.4 =105 *12,9=13,2016,3%17,3-18,8

CONICAL NOZZLE (run NO

106 )

EMISSION ANGLL (RULATIVE 10 JEY EXFALYT) RLFERENCLD TO NOZZLE EXIT
¢ DLGRENE )
PIFy e, 20, v, 99, S0, etu, 70, Bu, 90, 100, 110, 120,
FREQ
KHZ . .
250 (284 ©18,3 29,9 =16,2 alB, 4 28,2 #2),7 #21,8 »25,7225,6028,9228,1026,9
31y |etE.3 w12,6 07,7 wt1,4 218,0 e2i, ) ®19,2 =19,2 ©22,9023,0025,%025,5024,5
o {e17.a 117 eB.? =101 23,6 alS,€ «17.7 =18,0 w21,6021,7228,1224,3.23,4
500 {#14,6 019,68 =d.0 7,1 210,68 15,9 =14,U 15,9 =19,0019,7020,5=21,9=21,3
630 212,80 28,1 2,4 «d,7 7.8 «{2.F e1y,9 13,8 ©16,4017,5017,4419,5219,1
B0 | @B, 6 7,8 8,9 @2,) 24,7 af,u 7,3 11,2 e1d 1e]a,6018,3=17,e017,0
o0 | 7. <£,2 8.2 0.7 1,7 =€.0 »4.U0 8,7 «11,8e11,6013.1014,0014,7
1.25 | #8,7 85,3 1e) @00 0,8 =d,l «1,7 ©6,6 «0,4 »9,0e11,2712,9-12,8
1,60 ad,6 =%,4 a8 9.9 o8 @l 6 et 3 04,7 «7.6 7,0 09,9e1]1,.4011,3
200 | ®3,9 w6,3 Q.4 1.5 2,3 3.4 (2 2,9 «8.7 «5,6 ~0,7 9,8 «8,9
S | 83,3 7,8 et 0,8 2.5 el,? let oloU 3,7 05,1 ©7,7 «8,4 =8,8
3.1, | mg.3 e9,4 o166 u,l Cod G,5 2.7 U0 =2,1 «8,8 w7,0 «7,B «8,9
oo | e2e% o131 2.8 el 1.2 ey,? 2.8 1,2 «i,8 7,3 «B.U0 »9,4c11,7
6,00 v, 4 v15,5 3.6 =7,9 e,y o, Jed g3 ®3,2 ©7,9011,3e14,9¢19,4
b | 2302 #16,2 %, wd.u eb,§ 1B 4.8 1.3 e7,0e13,3c1Y,7=18,6217,0
R NN o249 017,9 08,5 «5,56 wl,f 0,8 1,7 #0,B «1),dell,8012,6e14,4=15,8
.o ol Y 020,90 13,8 wB.h 8,3 1,6 oL 7 #11,3 «1U,7elb,10]14,Ce2),8024,4
1.5 6,3 18,3 09,6 07,0 @S,d4 2.k el,8 6.4 «1},8213,7=18,10106,4e18,7
16,0 o7,V 53,6 «11.8 8.8 «td,0 St wd,u wB,2 «12,10]10,4022,86022,3022,3
J0.0 0.0 207,00 #172,7 «tu,) 8,6 2,0 w8 #?.7 #18,3024,3025,4430,8428,2
25.0 04,7 22,8 «13,3 oY,1 8,1 t,d4 «),7 oH,9 «]9,8e14,0018,8023,7220,7
3.5 |atg.? e27.3 19,9 7.7 =123 eR.u s, «10,7 012,6015,902%,1087,2924,6
10.0 letg.? 31,5 e24.4 «t1,4 o7,6 1,3 «14.4 11,06 «23,2020,8029,u=32,8429,3
00,0 |ate a8 22,7 29,3 «lb,b =tu,? Lok =17.1 13,9 «24,0022,1233,4231,9-26,9
hia .7 o1B 9 224,77 23,0 1,1 U, 4 =173 *10,9 «26,4023,502P o34, .
O, . ————— NOSPL e .-
24,5 »9,7 w).9 o4.8 4,4 wi,? ed,t eB8,3 =1, Pel2,7=1b,1=10,7216.8




1/7% OCTAVE WTC (a@B) WITH RESPECT TO INCIDENT SPL (NTC,)

= 0,8 = 0
M, MT

DAISY LOBE NOZZLE (Run No = 15)

EMISSIUN ANGLL ‘RLLATIVE 1 30 LxRALST) RLIERLACLD TO ARZ2LE EXIY
t DLCRELE )

PTF; 20, du., 40, EUL tu. 70 80, 9u. 100, 11U, 120,
FREQ
KHZ . . .
250 mV¥.? -lO,?-l‘.?vW,O-?lqGO?l.UO&§.6-26.l-26.3027.l-3l.4-34.2
L315]e7 4@ "{-""200"6,"'&0'2"‘03'2009'23.5-23.7"4|“2q|°.3lp°
_boo .'E;Q -E,J'IO.Gull,’-M 4(;07".‘-19.0-22,2-22.4023.0-2793-30,3
500 |wt3,¥ 6,V eB,8u1],8018 .7.Iﬂ.o-10'9-l9,3.20.0-?"0‘-94.0027,7
630113 o4,y =6,! 8,8 -G400le.ﬂ-13.9016.10”.2.[7.0-21,4-2‘.7
.go0| e¥.8 3,4 3,1 8,3 ot;c-l‘.l--|0.5-!2,7-l3.5-15.5018.0-21.5
00 | »€.9 el =0,8 =2,3 e ybo1?2,8 -ﬂ.ﬁ-lo.l-'1.2-”.6-1&,26!9.6

100 | T80 T102 T0l9 Uit eusE <9.7 -6.8 -840 9 Bei1.8a14,0018.5
160 | s4e2 =%, 156 2.2 1ot o7.8 v4,7 =7,0 v8,0010,2012,9017,4
200 | #2,8 2,2 2.0 4,7 g6 »8,3 3,8 «5,9 <74 w0,2e11,2015,6
250 | ®1ed =22 2.1 5.6 BJ6 3.8 w2,8 =4,3 w5,8 =8,2 =9,6014,9
315 | wted  =3s4 00,6 4.9 Eo€ o3ad 1,7 23,8 6,8 w8,2010,8016,4
Wo0o | w2.6  =7,Y oS.8 2,7 €,% 02,8 »2,8 =5,0 9,0 “9,0n12,3019,6
5.00 ol 2 '6'.7 ofi ! ‘,97 Bat ele7 b2 .9.5.|2’7-l"0-|3”.22.o
6.30 1.6 wd.b ed i 3.6 1246 el ) wH Smi0,1013,3w11,0012,8023,1
500 | e2.3  =e.3e1).0 1,72 &€ eBal wb,5023,201).7012,0m18,0028,3
10.0 03] «l,0 02,4 =46 740 =b.8 w743 -9.8-16.0ll6.35|°,5'?5.7
12.5 €0 =67 0.4 wy 8 ouyt 'il-l)-\u.?'l?,?-II.7-2!.7-|8.5-32.b
160 | wdet  =7.0 <34 2,1 5,8 =3 eBotaldoFeld Iull,9013,3036.3
00 | =deg 5.3 #6,3 #5,8 €2 o708 e4,8 aB,7 9,7420,5914,6038,3
25.0 1,7 *4,7 6,8 =7.4 Gg0 3.3 6,3 6,3 «8,9u16,7214,8240,1
31.5 wl.a =10.6 29,5 =8,8 7,4 ololl 246 =0, 5,2013,5415,0636,3
302 | sklz e23i9e1300010,7 2,E eull =344 ©7.7 *8,015,3416,2-41,3
50.0 YN -25,6-[6.9-I3.¢ G T Y] --7.5-!3,°-|l.?-lﬂ.l-l’.‘-“.a
3.0 ahg e24,.7e17,7016.€ 162 708 wda2e18,6018,5017,8218,2038.3
OPTF; - NOSPL
24,7 6.5 5.7 4,9 V% al Beil Jetd,leld,Bul6,9=19,3024,4
CONICAL NOZZLE (Rrun no = 110 ) )
EM1SSTION ANGLE (RLLATLIVE 1C JEV EXRAUST) REFERENCED 10 AC2ZLE EX1T
( DEGREES )
FREQ PTF; '€ 20, 30, A0, 5g, ¢tu, 70, Bu, 90. 100, 110, 120, {
KHZ

250 |«19,8 8,2 14,4 e10,2 =20,2 =18,0 @iv.l =22.2 -25}0-26;7-42.1639.5-40}0
315 a2t =6,9 ell,8 =?.9 16,0 w12,y ®17,0 19,4 -22,5-23.5-35.0-34.6-35.|
RO [e160t =6.3 «10.8 6,y =1406 13,9 e16.8 =18,) o21,2022,3034,0033,2533,6
500 13,0 «=d4,2 6.1 =4,5 V.8 17,7 =12,) oib,8 e17o2018,3024,7027,3027,8
630 [m14.2 2.1 2.9 =2, wb,4 «l b e¥,l ©13,2 eid, 1018,2020.6m23,7024,1 |
.800 o7.,7 1,58 2.7 n,6 2,5 =4,9 sbe?2 w9,6 "0,7“2.75.6l9.|900'2°.‘ "..
0 | w89 3.9 3,2 0,6 =3,U ed.l 00,4 e87010,9014,1218,8016,8 ]
sy | w4t «5.4 o33 2.7 o180 e2.u w48 w743 «0,0e12,1012,6013,4

1. 2,1

1. 2:’ L

160 | e3.9 8,8 7,6 1,0 3.2 Uyt wyed e3J7 8,9 -7',1510.3-10‘.2-!1.3 )
200 | »3.2 «B,2 =12.€ 2,1 2.6 1o Ued 01,8 4,2 wb,1 »B,8 «8,8 9,7 s
2.50 | "2.9 14,9 07,3 1.2 1,3 1,9 let w1,1 «3,3 #d,1 w?,0 =8,7 «8,.4

3.15 | =243 «12,8 U, 8 0,7 d.3 2,8 3,8 U6 0,3 wd,9 wB,de10,5010,0

hoo | w3t €14,8 ei1,U 0,0 2,7 2,3 3.0 G w8 6,9 w9,0813,4215,1

5.00 | *2.0 *17.9 12,2 ®2,1 U6 v Sev U7 =2.9 ol tull,7017,6620,8

23 | #3.3 #13,6 2,6 3,7 2.8 2,8 4,2 eU,® ob 9012,6e14,2016,4u16,1

8.00 | «247 =18,9 «14.0 7,8 o], 2,2 $,0 2.3 =4,0 8,8 »9,8012,4017,9

10.0 a3, ¢ .‘6!5 13, 'a" 9.1 ’0_.‘ 6ol "2_.6' ‘1“,3“"-"",0"9.6"s.l

12.4 3,9 22,8 =13,8 8,9 13,6 «0,8 7,5 e?,6 «}0,2010,9016,8019,3023,3

16.0 oy .8 *27.4 «tl.8 DQP? a13,0 4,8 3.4 3,0 -14.3-13.5-16.6-2“9-22,9

200 | #8e9 28,7 «1d,8 eil,B 8,9 I B wS.u wu,d 9, 0m)3,2e]8,d021,9019,2

26.0 wh. 25,0 «i7.1 =10, 4,8 ad,2 2.6 4,8 e12,5013,1015,4u23,1627,0

31.5 |#12.0 *29.8 21,8 »il,y #12,2 =1t wlob w14,6 -l3.8-|8'.‘-??.7-28'.5.-24'.7

B0.0 |etEe) 33,0 «26.4 e1¢,1 5.8 23,2 7.7 9.2 .9,1.17.3.15_0.94;5013;5

§0.0 | 7.6 =28.8 «23.1 7.1 32 «2,3  haY 8,1 “jU,2018,0018.5022,9010,9

63.0 el t »23.8 *20,5 «17,u =12,0 7.2 »1,3 ¢11.5 e1d,bu18,0e]19,3928,4226,8 .

OPTF; NOSPL; —

28,1 =8,5 e? 1 e2.b 3, 9 o4 cd B 7.8 el bei2,1015,9017,8018.2




1/3 OCTAVE NTC (dR) WITH RESPECT 10 TRANSMITTED SPL (NTC,)

MyT 0.8 Mg

DAISY LOBE NOZZLE (Run nNosz 15)

EFISSILN ANLLE (RELATEVE 16 JL) LXRATET) RLFFHRENCLD 10 AOZZLE £X]T
€ GLLHELE )
, PIFC 2a, Sue Que U, tu. Zu. Hu, Sus Lol 1iu, 120,
Ri.Q
KH2 _
200 et) gl =G,2a1 ) delByLegite?? 002,625 ,4080 a0 1mIu,4a88,4
315 latie) el imliolel® 2e1),led . 4020,0a22 722 ,002),5027,7030,7
400118, e beli teld Gl telt Setl,0e2],402),6022,2020,5029,5
500 et 0 20,1 o7 ,9elj lall tel? 7elt 108, ,de19,2¢19, 5023 ,6a2F &

630 |etg,2  wd t 5,3 B0 el lelt deli la]8,2e16,)016,8=20,5023.4 r.
B00| sl,0 2, 02,2 4,4 ald beld.l w4, 70|, Be12,7ald,6m]), 1020,6 L,
100 | et mled Ue0 1,8 alySaliy€ o7,0 ¢9,daiN de12,7=19,3018,7 ] '"V
1.éh ed,% ol g 17 1.3 o] vl 05,7 @78 =G, i), Umid, |e1?,6 [ lc 1)
16O | 3,8 o4 24 2,5 Zet =6,5 @dol 6,9 7,9 €0,%ml2,I016,7 Jo (1(7
2.00 | 02,3 @17 2,5 4,7 4,4 =48 «3,) 6,4 =6,9 «B,7='0,7e1h,] QV} Yl
250 1 et el B 2,5 6,0 gyl =3.7 =i,4 23,0 <0, =7,8 =9,2414,6 “ FA\S
300 | 01,0 @3, a0.6 4.5 E,% 3.8 e1,0 «3,5 26,5 e8,2e10,4016,4 7)»
h.0o el e7,n 8,4 2,6 €. 7,7 ©2,] 5,4 «8,9 *9,5e12,2¢19,Y #
5.00 [ usgl  wheh @d,9 4,6 1040 eue? 08,0 o2,3el1.5012,.8m12,6020.4
6.10 1,0 -)fJ Sl o6 1T40 =1, F =0, 0=13,8010,9 =9,4w:0,120,6
8.00 | my & #7,0 #¥ B U.C LLed ob,d wd,be?| del] ey, In10,727 .8
0.0 =2.4 -7,9 al,y «4,d4 7,8 @b,) @8 «9,4e15,6015,8m10,0e25%,2
12,4 w2,y .0 0,0 ei,7 @l 7 Oylwld Uel7,ue)l,602),6m10,4032,4
16.0 24,4 w6, ed 0 a2, 1 Lyt @d,0 of,2e14,8e13,2011,0«13,236,1
20,1 2,5 23,2 #€,2 5,7 t,4 =],7 «4,7 28,6 «9,6020.4=14,538,2
260 ot 1 .d,o 6o @2,3 S,1 3,4 w02 6,2 ~H,B8a16,6014,740,0
21.° 2} -lu’b ag,d4 «8 ¢ Fol ®)e? =2,8 8,7 »5,1013,3m14,4e36,2
W00 WSt 223, HelI um Ut Lot ol eUe3 7,6 «7,9015,3010,6-41,2
50.0 mAag *25,0e1€ a0 7.0 1.0 =7.4e13, He)l,1018,2017,3:44,7
61,0 4,7 =24,017,516,4 tb,} 7.t =4,0e]5,5e18,4017,6m18,1-38,7
OPTF -t NOSPL
RELE =B.7 =49 =4, 1, Bl be13 3eld,0ni6,1=18,4-21,6 J
—

CONICAL NOZZLE (RuN nO =110 )

EMLSSIUN AMGLL (RLLATVEVE 10 JET LXPALST) RLFLRENCLD TO ANOZZLE FEX)T q
( DLCREYS ) L

rTE, le. 20, Ju. A0, B4,  tu., Zu, Bu, 9u. 100, 11U, 120,
FREQ
KHZ .
RO et 4 6,0 212,) wH_ 1 =i1B,1 =IEF elb,u wEUy 223,902d,6039,9037,4037,8
et eS8 at¢ l eh.bh @14,0 eld L «18,% «lB,) ©2],4w22,4234,5233,58.34,0
0l et® b @87 2.2 w6, s14,1 13,4 12,2 «17,7 =20,7221,8433,4232,6433,0 :
OGN0 etz € 83,8 29,7 ad,t eU,1 ef(.r elj.b 15,3 ©16,8017,0024,2220,9027,3 4
H0leteet @l 0 22,0 el 6,2 Tt el ¥ =13,0 =13, 8e15,0020,3023,4023,9
800 | 7.6 1.5 2.6 4,0 «2.8 o b eb,l 09,8 «1U,712,6e16,8219,520,0
00 | <8, <30 ed,2 0e€ «lou ed,l oG,d =8,6=10,9019,1215,8016,8 '
“l.8 2,5 84,5 e7,) «9,0nl2,0e12,6-13,4 L

' @,

1oas 04,5 <5.¢ 1.3 2.2 2.7

160 | «3,4 eB,0 «7,€ 10 3,7 @04t =ta? =3,7 8,5 «7,1010,8s10,2011,3
2.0n 2,2 8,2 «at?,€ 2.3 2.6 1.u Ged ®1,8 «8,2 5,1 =B.5 «B,6 =0,7
S al ¥y 14,9 =7, 1,2 143 (] 1ot =l =3,3 wd,l #7,0 =8,7 «9,4
3.4, 02,3 12,7 Y. F ey, u, 2,8 .. Usbh 2,3 4,9 28,4=10,.%10,0
oo wd, 1 o148 evt, 0 sy, 2,7 od Sou Vol #3,8 «6,8 «9,0e13,3w12,1

N | eh.h e17,9 @12.7 #2.1 wu,b Aoy 5,1 U8 2,8 e7,7eil.6e1F,Ga06,b
6,30 03,1 «12,3 7,9 4L #2,4 ' 4,4 ey,7 «B,Cel2,de]d,(n]15,2e17,0
R, 02,5 15,7 @947 e7.0 e1,3 .t Bl 22,1 @38 w8, +9,%12,2e17,7
10.0 ®3 2 18,3 «12.7 @7.% eB7 w0,) b e2,2 ey, 0=10,4013,7=19,3017,8
12,4 ®2.7 22,2 #1342 «B.D «13,) ey,! 7.9 7,1 «9,7s10,%16,2«18,9e23,0

0 “HeE 22744 ool 2ULP 13,0 @d,d 03,4 3.5 «]4,00)3,4016,5021,5e22,9
20.0 o277 20,5 14,4 «l1,7 5,7 Cat ®7,B @) G, 7013, 1ulG,3e2},7¢19,0
25.0 w4 «25,6 «17,! “U,' cd, 0 ef 1 e?7,b '4g7 "?15-|3||'1504'23.0'27.°
1.5 |®02.6 29,7 e24.? o0,y 12,2 wju,S o),% 14,6 «]3, B8e18,3022,728,8.24,6
ha.n =toal 233,09 *p€.4 «ln gy e5,7 W31 eyt a4 ,? «0,6w17,3018,0e0d,5018,4
%0.0 7,4 «28,3 «23,5 =6,9 &I, eZ.l lal @4,y ely,0e17.8elil,Jel2,710,4
61.0 3,0 *28,7 «00,7 =)l ,n =11 ¥ 7e3 olgl o111, «14,8017,0e)5,2025,2926,4

ORI, - NOSPL

Q8,0 24,9 st b =200 3,3 a2,k ei,d w7.0 elU.0m11,6015,3%17,0017.6




L e e K B a
173 OCTAVE NTC (gB) WITH RESFECT TO INCIDENT SPL (NiC;)
M.} 1.2 MT 0
DAISY LOBE NOZZLE (Run no = 17)
EVMLSSIUN ANGLE (RYLATLVE 16 JLY EXRAUYY) RITEREACLD YO MAZ2LE EX)T
¢ DLGRLLE )
PTF ta, ?¢. Ju, du, %0, tw, Tue 8y, 90,
FAEQ
K2 .
250|219 E 18, b 03,0 a1q,0 «lH 1 224,) Wil | «]4,0 «29,8 «30,9
L34 w70 o141 10,9 -8,? »16,0 oS,k 17,5 12,6 23,9 «33,1
Lhoo|@10.0 «12,8 oU,7 7,7 mi13,7 ell,1 mit i all,b «22,8 =3§f,6
500{0'3eF @€Y 08,9 @8,4 ol i 012,68 @l),9 etu,U 21,4 «29,9
630[010.2 ©8.7 ed.l @d,7 B3 af,| ek, el.y «10,9 26,2
800| "tef @48 2,8 wi,n ed,6 wd,8 0,1 #d,0 #]16,8 #20,9
1.00 03,7 03,6 1,9 @l 0 oU,7 «(,2 ed,u ou,0 12,6 =15,8
1.7% et ed,3 1.9 .?_.ﬂ 2.4 '-'_.5 wleb 149 wB8,6 =»1u,6
1.60 sl.4 @),6 eP.u e, 4,1 [ 39 ] U6 J.u =8,1 eB,4
2.00 | ®Vet 13,1 e85 2,2 I U £,4 2,7 2.] 2,5 3.6
2.50 | ®Ve2 211,3 12,4 @b, 2,4 €,7 ¥.7 1,5 el,0 2,8
315 | ®2.? 19,9 =10.€ =H,} 1ed  t,€6  J.% 2,4 ) =1,4
.00 ot ,Y otd,¥ @99 -lZ_.'l 3,8 .8 J.4 1.7 U8 1,9
5,00 | *1e? =Y,5 1240 w8, Y6 7,4 J4  0R y,3 3,
6.30 | 2247 16,2 «11,3 =d,2 atl,? E,2 ed,1 wb,) ed,t =;0.6
8.00 e ,4 wtd 8 9,7 -9_.” ~13,9 Aot 05,9 13,3 =12,7 =1646
0.0 3,2 18,1 4,8 -ﬁ” ol 6 [ ] a4, 7.5 a12,0 «12,6
12,5 8,4 o1V, 4 =14,8 =117 =l 0 «E,5 5,4 16,3 «18,4 15,3
16.0 SELE 019, at) B «2.7 5,2 al,7 3,7 11,8 «1f,t =f0,4
20.0 | =404 15,0 oB.€ 8,2 Bt @31 ef.u )37 218,8 =14,6
25.0 e3.4 =Y,y 1ol o0, 5,7 2.¢ Jou =12,2 9,7 1,2
31,6 | 224t 918,08 oP.6 2,2 =2,7 <88 el,l =137 7,7 5,6
Bo.0 fetiat 021,77 w1b,d sl b eH,) «Z.b ek,? «13,2 6,9 =16,.8
40.0 12,82 .l9,| o211 .7’9 .7.9 e U =il 5 el1,2 05.3 wff.4
653.0 L3 - .”.J el ) @B . bH e4,? 0.7 o4, oli,0 =2,) =y,6
OFTF; NOSPL
3.4 -y,4 7.1 '5.” ol 'E..‘ .U 6,2 .llog "2-5
= —
CONICAL NOZZLE (run no = 123)
EMISSTON ANGLL CRELAILIVE 7€ JET LXRAUST)Y RLFERENCED TO MOZZLE EXIT
{ DLGREES )
PTF; 2a, Yo, 90, Sy, to,
TRED
KHZ
50 Jat€ 5 B 5,8 18,y «17,4 =247
315 {81 ed 0 e5,.) w11 #1485 e2|,2
JHO0 fatd 3 3.3 ed,? 12,5 13,6 =20,
SO0 jal@n el 8 02,9 sfu, ) e9,0 o14,§
6310 w92 1od ettt @2, «b,7 «11,7
B0 | ez,e 3,4 o9 @, 4,8 .Y
1.00 | =8,8 5.2 2.7 0,7 2,3 <7.4
1.2y 03,8 0.7 4,3 2.4 =u,4 ef,.]
1.60 | w2.6 7.6 S,4 Bt 1,4 =30
2.00 | ag,?  Bal 6.0  ?,.u 3.7 ey,?
2.0 | =g,k ::.9 8.0  J.n g.i’ :,u DATA FOR
3.18 wi, B Ja9 2eU 4,9 ot ve THE REMAINING ANGLES NOT ANALYZED
[ 0),? a2 4,8 eI 4 4,1 €.¢
oo | et eBel ead  dou M6 2% DUE TO JET NOISE CONTAMINATION
6.30 | er,2 1.9 tal ba1 wleb .8
8.00 w37 ®w2,9 el d w128 eUed 10,4
t0.0 2.9 =12,8 10,0 =dg0 ot 7.4
12.4 w!,y ot € e, 4 -ﬂ’b 4,4 7.4
16.0 o 8 8,2 e5,7 +6,1 a3 b I,E
20,0 wte b w11,9 @37 <€, Yo @F,t
25.0 ot eB,6 wb.? =d.n UeY 148
31.5 wl,§ el d eP,0 =1,y 7.0 [N ]
Lo.0 ol € e1],2 «).1 b,/ ei,3 LIXT
50.0 o748 ¢12,5 «)u2 «3, ) 3,4 2,4
63.0 Jw12,8 12,6 el ) =10, b, 4 @i b
OPTF| et — NOSPL -
2608 145 =gel w1y &3 eF.u

202

.




1/3 OCTAVE NIC (@) WITH RECPLCT 10 TRANSMETIED SPL (NIC)

-2 7]
" My
DATSY LERE NOZZIE (run nioe 17)
(p19S1Ea antiL (Qptativy 1e a0t taraLt 1) MLFFNLACLD TO NAZ2LE EX1T
CLEGHEEE )
e, 19, 20, 3. Ay, en, (21 2y, Hu, G,
FRLQ
KHZ .
2 letE,y #18,9 w12,8 9,0 17,7 ed? b Wit d elA,u @24,6 36,0
it letG,) 13,3 210,80 e7.4 o142 e 16,0 =it ,? o118 023,0 32,3
W0 |e 18,8 12,0 8,9 o~k «12,9 017, @1%,2 elti,? «22,0 =3u,8
[SUSE DR | of,) eb,1 o, watUy) o1@et =11, ! a2 =20,06 =24,
6l alg,d od,9 3.3 o2,Y 7,4 w8,) )M 7,2 *18,7 «20,4
A0 07,7 3,7 al,? ‘l.,ﬁ o), 8 @l e8,0 «d,? 18,7 =2V,!
10 | wde e2a7 il =UaM  Got LT e8P eu.l ell.H 14,7
[IARS 2,3 =3,.% et ,t .’pﬂ 3.7 4,3 ot e? 2.7 «7,8 9,8
160 | ea, 8 o7,1 e1sd 0.7 1.6 €,.4 lel 1.9 »4,9 8,9
2t | ege? 1247 ehat  ®lgn 4,1 €t PN 2,7 2,1 3,3
Do | et,h ett,2 e12.2 =89 2.8 .4 .M 1.7 «0.9 =2,1
10 | wg,] =14.9 «10.8 =f,u 1.3 ¢, 3.8 2.9 Ut =1.)
4, no @1 ,) e1d,d4 eyt =il 3,9 tou 3.8 1.8 Us0 =1,9
5,00 g 2 *8,5 stl.d -5..., ol,? €,3 Q,4 1,8 1.2 2,2
6. 30 et 2 «B,7 ey B 3,7 alyu,? §,7 2.7 4,8 «), 1t =9,2
B on | et,2 14,7 9,6 4,0 =130 4,2 2,7 14,2 «17,8 =18,4
0.0 .0 =17,9 oG, eb 1 9,4 L, 4.8 =7,3 «11,8 12 4
12,56 eB.7 «19.2 14,7 =11,0 =11,0 8,7 .t elb.1 18,2 «18,2
16,0 ab,? 19,6 =11,7 7,0 5,1 «0,¢ edeh wll,8 18,0 ~10,d
0.0 et ,Y ol14,Y of,t e, 2 el 4 «3,u wd,9 «13.6 «18,7 13,8
RN 3,2 8,9 1,3 0,3 5,6 2,¢ 3. e12.0 9,5 =i,y
o 0/ ,% o12.4 2.8 2,0 02,6 w2,7 eyeY e13,6 7,6 85,4
4o o LRR ] 21,7 t6.8 .3_.ﬂ 8,7 -2,5 0.2 »13.2 0,5 =19,4
W Jet12.d e18,0 €210 e7,8 7,2 =8,5 =ii,4 el1.2 8,2 =11,)
3. 8,6 11,2 «12,8 =5.4 4,8 ULS ol,5 0,4 «2,2 <=U.4
OPTF, - NOSPLy
24,7 8,7 6.4 =b,n 5.4 e2.u sd,) o¥.4 »11.2 ~11,.8
CONICAL NOZZLE (RUN nO =123 ) i
LMISSIUN ANGLL (RLLATIVL 10 JEY LXRAUSY) REFERENCED 70 NOZZLE €X1Y
( DEGREES )
"Ey 2¢. Y0, . S0, to,
1REQ
KH{ ‘
00 @128 c1,5 o244 =t1,5 =13,0 =20, 1
1 1307 02,6 =3.6 «12.0 13,1 el9,E ORI,
v fe13,Y w29 eded e12,1 17,2 «18,7 Or e,
o0 et 17 egub 2.6 «9ib =8,3 e1d.7 I pe, T
] eNe€ 1.5 aGe9 =7a7 =646 =11,& OR oy, D
Tar | w706 308 .9 «4,2 4,4 5,8 Sy
1.0n [3.9%-] 3.2 2.7 "0,’ w243 ",pa 3
1.2 =3,% 6,7 4,) 2.4 eo0,4 of, "]
160 | 2,0 7.6 8.4 Bt 1,4 el |
700 | wga6 8.1 8.v T 3.2 euld
S b oega? 6.9 9.0 7,60 442 1ol ‘
D | etz 30y 2.0 ash S, 3.3 DATA FOR .
S | a3ty edl2 edut -dpa ait E.S THE REMAININGANGLES NOT ANALYZED
Son | evtk eBlt @l 3w 1i8 7.0 DUF TO JET NOISE CONTAMINATION
I P O R Y L ALLT 4
B | efe€ 2,9 el1.) 12,8 eu,3 1}
1.0 g 8 e12.4 4,5 «wl, G tal 7.8
1.4 aty? «11,) B0 =0,.d 4.t 7.¢
16,0 w68 eB,2 5.7 8,0 3,6 3.8
0.0 |18 11,8 o3, € 6,2 8.0 o?.0¢
e oCot 8,4 e6,0 @1,y 1,0 1)
35 el b o11,3 7,4 -90..9 e?,6 t,9
by e ,8 15,1 02,5 @b, eU.@ 4,!
s 7,2 12,1 3,0 w3, 3,3 I,¢
hin w12, 212,49 8,6 ei0,0 8.3 wil?
S o e et WYL - L
Q0.7 2ol 0.2 1,3 2,5 el M

203




204

1/3 OCTAVE NTC (aB) WITH RESPECT TO INCIDENT SPL (NTC))

= = 0,08
MJ 0 HT
DAISY LOBE NOZZL[ (nuu NO = )
grlBBIUN ANGLE (Btoaitva le JL! tlvabst) ﬂLrtﬂthLD YO hﬂZZLE lll'
CNLGReEE )
PIF, 16, 20. Ju, 4, %0, eu, Ty, Bu, 90, tu0, 110,
FREQ
KHZ .
260|020 44 917,27 022,32 wal, b 20,7 o1G,4 95,9 efi,u «19,7 #10,0 21,7 olv 0
36]et8,8 018,90 16,9 aili,y, 0174 «12,7 «17,7 «17,8 17,0 »1d,C 18,7 -le 4
00 et0,8 017,10 w12,2 16,0 =19,8 @13,7 15,7 15,9 #1565, «13,0 »16,9 «14,8
qan]etd g 17,8 14,0 -13 B el 0 af,6 1) 8 13,0 13,1 wl1,4 o1d,6 12,7
630wt .0 17,4 10,7 -9,? #0,8 elyl oh,8 99,8 elu 1 #9,0 o11,8 «§,8
Rony sl,6 19,1 7,8 6,5 8,8 83,86 7,0 02,9 7,6 7,0 «9,1 7,9
1,00 | #7448 018,3 06,1 od n <d? «7,8 3,8 06,8 o€, 6,1 «f 0 7,2
(RIS el ,? o13,8 od.d @3 1 e),) -I,S (179} "0,” o0, 9,8 I’,Q 07,2
1,60 | *€,0 »81,3 o3, -?,3 243 oUy? e8,d el 4 o6,2 5,8 w7,) 7,3
200 od,) oft 4 od.d U.o’ Vet 148 02,7 03,8 8,0 =9%,2 -0 ] at,?
0 | e24Y @90 1,6 2,5  le¥ 2,8 et b ey =42 =49 6l7 6.8
1L | 92,4 7,8 3.4 .8 2.2 d.6 elgl w2,8 ed,8 5,4 «b,4 8,8
b, 00 2,8 U@ L] 3" 240 .8 o180 "398 =8, «8,9 -E,ﬂ '8_-6
4.0 %,2 «%,.7 2.8 ‘_.o ol b 1.3 e, 1 '©8,9 =jy,8 .l‘p| "9,0 'l-.-_ol
6.30 | ®Ge? ©9.7  Ge7 *0,7 02,0 0,3 o£,8 oli,l 212,7 ei4,] 12,0 =11 4
4,00 |o11,3 012,2 ol.0 «14,6 o13,) 12,3 »i5,8 #15,) 9,9 «7,8 «), 8 7,9
10,0 ol 3 8,1 el,b “0,7 6e? el ot,d4 8,2 '79‘ “9,¢ '||...-' -10,5
12,5 ot ¥ of,8 05,4 7,0 1,2 0,5 e¥.) 6,6 =8,2 8,7 «11,8 8,7
16,0 ay b e, 9,8 eb,0 oS8 -‘,'1 oot UV @1, *l2,2 «18,7 ~i4,1
0 [eV1ed @0,9 7.7 012.0 #13,0 <. 8 ebe] 9,8 «B,2 3,9 16,8 #12,8
34 0 7,8 ol 1 wbs) a10,0 5,4 wh,u ebeb 05,6 13,8 9,9 «10,7 -ii, L]
15 | e6.% 2,8 ool 02,9 U0 17 4.3 el 4 #12.4 11,7 13,9 14,0
40.0 [@t0,60 8.7 «18.? 3,5 8,7 «d,2 12,0 o158 18,1 18,3 «15,2 -l? 4
50,0 |#13.2  €.0 eBol 06,8 #13,4 12,7 12,0 19,9 «19,0 19,1 18,8 -16,0
6.0 jete.t 4.3 «B,U0 22,9 o11,8 o11,8 o13,0 «18,8 21,4 220,2 «21,9 21,9 -
OPTF; NOSPL; D,
21,8 13,4 28,1 07,1 el 0 et 4 iy b ol1al 011,86 #10,9 13,0 »12,1
————— |
CONICAL NOZZLE (Run No = 121)
LMISSIUN ANGLE (RLLATIVE TC JEY LRPAUST) RLFERENCED 1O NOZ2LE EXIY
C DECREES )
o | PTF 14, 2v. 30, 4, %o, eu, 70, 80, 90, 100. I10,
KH2
250 |@20,3 026,6 27,7 «28,1 #2B,8 28,1 vid b =26,2 =26,8 26,0 -aﬁ;l 28,3
1315|2400 22210 <2312 223, #24.5 e24,u 21,3 *22,7 22,8 #22,1 24,5 e2{.7
00 22,7 19,9 «21,b 22,0 222,6 22,2 =14,0 215U #21,0 »20,3 =22,7 *20,1
500 [@18,) 014,49 215,89 «17,4 «lB,d4 18,7 10,2 o17,4 @17,2 16,0 18,4 16,6
670 [814,8 019,/ 011,68 @13, o14,d =12,y 12,06 =13, «13,4 «12,} 14,3 -I?,Q
B0 (884, @2,2 «B8,2 0,4 ath,4 @08 w§,0 olu, s)0.1 9,0 ei0, 0y 9,7
1,00 | otiy9 ed,g o84 6,0 7,4 e7.6 o9.2 -e8,2 7.9 6,9 06.5 e?,7
1ot | eEeY e1,4 03,0 ed,) ed,8 ef,8 e85, 8,2 6,3 8,2 6,8 ol.4
160 | o848 1,5 ogul 1,0 2,1 @36 3,8 -4, V8 edif 3.8 8,3 8,1
KA e3.2 4,4 (194 0,9 0.4 -'oe "?_.3 "3,? '2 -} ‘2.8 ."o ."‘
Pun | eteB €08 a8 200 203 e0s2 e1aU cele® 2,1 s2zed edi8 <359
LS %9 T3 6.0 4,8 L 184 leu -etigd "0..9 ®2.0 2,2 ud, 5 wd,2
ho oo .t |2.| 8.9 6,' 4.! ’ 3 Vel '.u_o’ o, 2 .235 .9 1 .B H
5,00 1.6 14,1 9.3 6'“ 5.2 : 3 1ad @l,9 -2,5 8,0 '7 2 -7,0
6. 30 '.6 '5.8 ').9 6..4 ‘.’ 3 | ol,0 "bos .‘ B '9'0 .'2 2 .l'.o
R.00 1.0 17,6 8.0 4,0 2,3 ed,l wll 0 w1y,Y 7,4 eB.d e¥,9 6,0
1.0 02 16,7 4.8 el d ed,0 3,2 2.0 4,8 0332 8.2 -8, 27 «8,0
2.4 2.2 13,6 1.5 2,7 eU.7 o085 ey,0 w?.5 w90 ei2,2 o14.3 *12,8
16.0 | ©9,2 13,8 3,4 11,1 «8,8 of,u =17,0 =11,2 -|o.7 e14.3 «17.5 oi7.3
20,0 o, 8 10,5 od.t .?_.b wd 0 ‘3_09 "3.7 "6 9 'I‘.S el8,4 '3“. *19,2
25.0 ed B 11,7 3.1 o9,5 el el 4 w2,b =115 e10,2 14,6 =17,0 =19,4
3.4 oA 2 11,7 a3, 8 ol 1 «d 8 2,8 LA T ':’_.a «}1,8 13,2 -20,0 23,0
u.0 |eteel 39 «11,0 o8, 8,7 wd,u =13,b olf,) 18,6 ©15,8 =18, «}€,9
50.0 |ett.t 3.1 e8.0 e84 eHib e9.2 18,2 ~19.2 18,2 16,3 «23,1 »23.5
(1.0 |et7,? wf,2 wU,0 9,2 eB,3 wil,B wlt,) ol9,? «13,4 «12,3 -|7 3 »23,4
OPTF; - NOSPL -
22,5 0,7 edyt 6.7 7,3 0,2 olu,u v11.2 o114 olyu,8 =12,9 «12.4

i
PN




175 b LAY NTC gfy WHIH RESPECT 10 PRANCMITTED i e

1SEILN Aty

&

" A}

i

o

(),‘r

1€ JE T LXPALEYY PEFERPLCLO TO AC27LE (R0
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Ly

1 (AT
LLLGREEE D
Fiby  ye,  pe. M, A9, %0, tue Pu, Bug o G0, tuu, L0,
tR{O
¥HZ .
0] w2043 010.0 o711 #2058 8198 o183 o1b B w16, a1B,8 19,7 e2u,f 17,9
Vit let 2,1 e1%,4 w17,4 =V8,0 016,00 old,¢ ettt ril,4 otE,8 efd ) o1?,d »1E,0
00 |et8,Q o183 «10,4 14,0 613,7 wlleb o105 #14,2 13,5 =11,2 <19, «43,0
e letd g ot%.9 12,0 etf,n sl @1 6 et b il u all,l =9,9 12,7 =ly,?
] wE 8 etd,y 08,2 wh N 7,1 el,l ) 4 07,2 ®7,7 6,8 a9, o?,4
Rl «®,% e16,0 ed,? ';9;4 edelf  wii b eld,h ed,] “4,8 3,9 -&,0 4,8
1 wd ) ot2.6 oY, 4 2,4 wl,Y lipd ®3an #),8 ed,1 =),4 8,4 4,8
1,0 0d,t ot1,7 2,3 «1,? wligt Ueb o34 o3, B ady) ),7 05,7 oﬁ,u
1,6 vl 4 «¥,) eV, eu,? olig? 1ot 9347 ©),8 =4,9 4,1 =6, 2,7
o | ezen evi?  deb 2.0 deb  J,u ehen #2,U e3,2 3,3 ed,d ed,9
2o ot L ot 2.9 3,7 3ot Tob i, e1,7 e3¢ 36 =d 4 w82
[P st & at,y 4,0 a0 2% 1.7 oL #2,2 @), B =2,8 %,80 of,?
[ 0,3 %Y 4.1 J.n ?.! 1,8 eled 3.0 «8,7 =6, v?,9 «B,4
i el 2 ed,e 4, 3.3 Uek . “.aﬂ o7,2 «9,1 12,9 «13,9 «13,4
ot el 1.a P.b 6,0 Eol 0 w2 edu e8,7 =741 4y ed,d
Aon |evgel ot1, 2 etet lu,t 0126 oll b =181 «14,8 «6,4 a7, 2,3 =7,4
o w?.? 2.5 eB,5 elG,0 e0,1 eu,E ef,8 »H,6 7,0 ~B,4 «1y,? 9,8
e @l ®7.6 8.5 eyt sl 3 el eb,d eS,E 7.} 7,7 «10,9 7.0
"o eV sl.6 ef,2 e, @55 edu wt.d w98 =1y.8 12,0 21,4 )i
o et1.0 6.5 7,2 12,1 212,48 <B,4 e2,b 9.3 7,8 <B.% Al el
o 7ot eg.d o5, wU.2 ed,7 U7 wb,E wd ¥ 33,0 e, -iv, e11:2
o @,y 8,7 1,3 o044 W& 1.7 el H eB.Y 0,9 9,2 .4(.Y wll,
et etg,? 3,1 etg,n -2’! 0S.0 3,2 eli, ) 014,80 e14,5 «14,6 + 4,53 =16,
. at1,] 1,9 efe2 =4,9 11,8 ol b el b =lBy a}?,t wi7,2 16,8 14,1
in w7, B, ol,5 8,72 of,0 o7,7 ob,t «ld,? 17,8 =16,4 «1?,6 ©18,3
(13 L —— - NOSPLy
23.¢ o1, efas B,.0 ef,4 ed,? sk, e9,4 =1UU «f,8 «tl,d «1y. .4
4
CONTLAT NOZZLE (run no =121
EPISSTIUN ANCLL CRLLATIVE 70 JLY EXPALYT) RUFLRENCLD T0 ACZTLE EXIT
U DEGRLES )
1
R 16, 20. du. 40, %6, eu, P4, Bog 90, 10U, Mt0.
XA XA
iH"
V20t 025,68 226,10 =260 27,0 =2€,4 ~2).u *24,6 ©24,8 24,4 =27,9 23,7
i1y |e22,.Y 20,3 #21,7 «27,1 =23,0 =Y7,% “19,.7 ®31,2 21,3 20,6 «23,) «2¢,2
o |e20.3 e1B,5 20,1 220,0 =21,2 =20, K =18,2 «19,6 19,6 «18,9 «21,5 «18,?
v [a17,4 ot3,6 «18,7 ©16,2 17,2 ©17,5 «15,0 16,1 «16,0 «14,8 =17,1 19,3 .
ra B e, 7 e10e7 12,4 «13,5 ald ] t1,7 +12,7 12,8 «ii,] 13,4 »12,0 '
#n fetg,d ab,1 o7,2 8,4 9,3 9.5 ek,5 5,6 =9,1 =8,0 9,7 8,6
1 o8 ©2,.9 =4.3 -5’() 06,4 eE,6 o811 7,1 08,¢ 8,8 o/,4 .6,0
[ eC 1 90,6 2,2 23,4 ed,) 4,7 ea,} #8,4 o8,8 =4,4 «b,0 =B,7
Vi | w8.8 2,0 w042 e1.0 ele6 el 1 eda) wdol ed i =34 24,0 4,0 ‘
an 2. 4,7 2.0 1,7 Ue? wlo8 w24 02,9 2,6 2,3 04,3 =d,i
ot,? €.9 3.6 I 0 2,4 w0 el E 01,8 =24 2,3 =d,3 o3.8
e | egir 403 6.2 S.a JE 1,1 wled wUB el 8 2,0 4,3 4,1
ao 0.6 0.1 Bol o 6.1 4,8 2,4 Gl s0.6 w12 2,8 8,1 wB,2
. 1.7 14,0 5.4 7.0 B2 2.4 1] el B =2,8 4,9 -7,1 €0
G e 18,1 1248 8,7 7.0 4,4 ul] el.) wd,t e2.4 eU, B eE,?
) 1,82 17,4 8.4 4,14 2.7 w83 el 0 clu,l wb,9 7,9 =§,4 .eeﬁ
e 2.6 19,1 €.5 eUeb 2,5 <0,7 eB.2 2.2 0,8 3,8 6,3 ef,C
! 1.2 18,8 7.1 2.8 4,7 B,y wd.u 2,6 =3,0 =Bl =Y, 2,7
oo S ) 13,1 «d,2 #tl,0 6,3 4,8 =1, “llol 210,58 «14,2 «12,3 =17,2
206 wh,d 14,6 @3 U =7, 3,8 al,k =17, b =15,B 14,2 219, «20,9 =i%,1
RO ed ¢ 11,9 «2,9 -9,,:' el vl @ 7.3 efl,.y =»90,8 =14,4 .|]’6 .]g’;)
3. d,d 12,1 @b eb,1 wd, b 67,8 =iy,d 13,5 =11,8 ~12,8 20,3 22,7
ho.o e, 4.7 =1g.2 27,7 =5,4 3,2 eli,H 14,3 «14,.8 vi14,7 17,3 =18,
Cin et 4.3 eE.E 6,7 7,3 el b 23,9 wi7,9 =213,9 15,0 =21,7 22,2 .
%610 wt 2 4,7 «d,2 %.?7 3,7 et | ®12.8 wib.) =1u,5 o=7.6 ed.7 «20.2
opTE, - thPL, o]
24.2 2.6 1.3 abiu Byl a?,§ eb,7 =lu,u 210,23 =93 =11.8 <li.l
205
o i & 0 v, LI 14 e, B oy T




1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,)

MJ= 0.4 MT = 0.08

DAISY LOBE NOZZLE (run no = 46 )

EFISSION ANCLE (RLLATIVE 10 JEY £XPAUST) RLFERENCED TO MOZZLE €XIY
( LEGREES )
PTF; ‘e, 206, 30, 4y, %fo, tu, 7o, 8y, 90, 100, 110,
FREQ
KH2 . . . . s
.250| #2701 ©21,6 22443 25,7 226,86 o21,8 w57, 4 ¥IA6 «27,4 #22,1 38,1 #27,1
.315[23.3 17,7 #20.3 #20,8 22,0 ¢)7,8 w23,2 wad,2 23,0 «19,) «30,2 »23,6
400 w2042 «18,8 =18,4 18,0 =19,7 -l!,,’ wZl,0 @22,U «20,8 17,8 27,8 21,6
.500[wi8,Y 013,2 15,1 «18,2 -te.a el3a2 =17,8 1,7 @16,9 o15.7 23, 's -le 7
630|wt8,0 214,39 11,8 «1}, T4 ®12,7 o10,3 «14,4 o1B,4 «13,3 »13,4 'I9 7 -15p7
.B00|w 11,5 6,3 8,2 '3,0 08,8 @b, € wiy,b -U.S 10,0 =1y,.7 015 [} OIS,
1.00 | *¥,8 53,8 5,0 4,7 «d,7 23,2 el.i -eB.1 8,4 8.8 “12.3 <1106
1725 | #€e0 =4.5 2.4 @251 el.7 eGod 94,2 wb.d s7,4 w7,3 w9,6 el,d
1,60 | #3080 1,3 e6ed 0,0 0,6 1B el,8 3,3 8,8 6,0 e?.7 0,8
2.00 LRIy ] t.8 ‘.5 Q’U (%] 249 w09 "?,‘5 wd,? '5.3 -, 2 .‘ 3
2.50 »l,? 2,6 1.8 "50 ?.9 ‘.6 Ged "'_.! -J_.ﬁ 3.9 -5..‘ -! 3
3.15 LAY 2.2 2.2 2,4 3.0 - Lol wie2 #2,3 =3,3 wf,4 -E 0
4.00 | ®v.¢ 4.5 0.9 2,5 2.8 Ee3 00,4 2,8 «3,8 «5,9 =8,6 -ll h)
5.00 "_os v2,6 2.3 ?,0 1.8 1,0 *do? 5.9 7,4 i1, o17,? '21 6
6.30 | »4.0 #1,5 9,6 3,3 2,9 1,€ 5,6 8,2 9,7 efy,2 -12. -l? 4
8.00 | oLe€ 4,6 @1,9 0.4 ol,9 8,6 =14,9 #18,0 «1647 -13 7 =13,9 -lO 8
10,0 | ®9,3 22,3 3,8 3.5 4,6 «2,6 ely,b 10,9 12,1 -19_: -|a 2 -14 3
12.5 7.8 5,6 «8,) 4,9 o8 1,8 eb,? =15,4 «14,9 17,7 -16,7 )t
16.0 21940 011,68 at1,2 «9.0 2,1 3.4 3,9 013,2 «10,4 «14,4 14,7 IIG 5
20,0 [*',0 7,5 @7,6 oC,8 4,4 «I€ 11,7 -l’_l «?,3 =14,2 213,8 =16,5
25.0 “V,2 =6,0 3.7 5.2 23,8 aE.6 etid siUu <0, «11,9 213,01 12,8
3.5 wy, 8 6,6 96.3 -|0o3 06,3 el 8 02,2 o111 7,2 w94 =]6,1 '15,9
40.0 ay b 8,0 «14.9 =0,y 8,0 a3, 1 st,l @?,6 @72 wi2,4 10,7 =]16,1
50.0 |912,08 9,7 ©9,8 #12,9 w10,0 8,2 w5,8 w88 «13,2 «13,F «16,4 =13,3
63.0 |wig.¥ ©3,7 <d,) =125 eB.d edd 8.5 o138 «18,0 «14,7 15,1 =1l
OPTF; NOSPL
22,1 wB.6 *7.8 7.0 eb,6 «E.U 0y,d elf,] 12,1 «12,0 «15,6 =1€.0 1
i
CONICAL NOZZLE (Run No = 93 ) :
EMISSION ANGLE (RLLATIVE 1€ JEY LXPAUST) RLFERENCED TO NOZILE EX1T
( NDEGREES ) ¢
PTF; 14s 20. 30, 4., B0, tu, 70, Bu, 90, 100, 180, ;
FREQ +
KHZ . . .
1250 |024,8 «16,9 218,86 21,1 =28,4 «21,8 w24,u «23,0 =28,8 -23,0 28,3 28,7
(315 [#21,8 «13,9 18,6 -|7 7 =2k, -le 4 w2ue? =19,9 +22,1 w20,4d »24,8 -28,
400 |e24 0 12,4 «14,8 -w,: 19,8 -l’ U etl,b -1a 8 «20,7 19,1 -23. °21,
.500 [@17,0 9,7 .n.z -1, 3 w165,3 »13,7 =18, -Ib,! w17,4 wi?,0 =19,9 -19, ;
630 [w14,2 7,8 aB,.4 -|o, ll,9 -10,7 o110 «12,7 -|4 4 o14,6 <16, .8 e17,4 i
00 (881,10 @d,d 88,7 =7,3 8,0 =?,0 b2 958 1158 =1128 =1329 w1437 :
1,00 | o8,8 2,3 3,8 ed, 8 o5,) .5,7 28,0 07,7 -9 6 0.8 .11,3 -lé,
1,25 | #648 w@,3 #2,0 2,7 2,7 3,8 -edov -'U. .8.1 *8,3 9,8 =101 ;
1.60 | »8,.4 1,2 =0.6 -l,? ol.d el,B 3,8 -n‘,l 6,85 e3.,6 o8,) .l 9 ¥
2.00 | =443 1,7 Q.2 *0,3 0,3 0,6 w09 03,4 4,0 5,6 .7, 6 -e 2
2.50 (R | 2.0 9.8 u,b "‘) l,: I}" '.2..2 «d,?7 =8,.1 '7 0 .79‘
3.15 | w2ed 2,1 @.9 1,4 1,6 2,6 1,1 -e1,3 3.0 -4,9 8.7 «?2,0
b.00 | 92,3 €.6 9.2 0,0 1.l 3.4 2.0 $1.1 =2,0 =5,8 «B8,0 8,4
5.00 | »2.4 o1, @ b 0.4 bod 347  Geb eUe® 3.8 8,8 “10, 9 -I:! 1
6.30 | »8.2 e8,1 Q.6 2,0 I, 4 6,4 B, 1,4 «3,8 «'2,0 «12, re -l?,ﬂ 1
8.02 2.9 2,2 8.6 0,9 2,6 6_09 1e5 w6e0 -lo,S w1, =iy, 3 ol1,2 J
10.0 #4,3 o3, 4 ed.d w32 1,6 3,9 eb.l 0A2 =7.4 10,2 =12, ?] e18,9 i
12.4 S0 w8, 7,1 =b,4 -l.7 303 euo® #3909 «f1,2 14,7 -1, '8 -17,5
16.0 oHod w1d,4 8,0 o8,3 ed,) e0,d4 ebh,4 6.4 '|3_.9 '|3 8 "8,9 w2,
20,0 | %67 #8,4 8,8 4,5 1,7 1,9 o3, 1 07,1 =i18,3 17,3 =19,1 «21,8
25.0 2,0 8,6 el) el b 2.2 0.9 8.0 05,3 «10.2 #13.3 =16,4 -M 9
3.5 | @8, 9,4 2.2 1t 2.7 0.4 04,9 w87 0,1 «19,3 «18,3 «17,!
0.0 [e'0,% 16,4 «13,7 -5,.9 o801 w2,3 7.3 08,1 «12,0 =15,8 «18,5 «1§.4
50.0 |81,V «14,8 «14,5 ©5,7 8,0 <d, 4 4,2 «11,6 «13,7 «19,) <21, b9 -28,9 ~y
63.0 |ot4.4 17,5 o414, @9, 8 07,4 oB.€ =1t,7 =13,4 17,5 »19,2 =17, 6 28,3 '
OPTFy == NOSPL aund

22,9 95,3 whe6 wb.7 06,3 w8,7 08,7 w9,3 11,7 w12,2 14,9 18}

206
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1/3 OCTAVE NTC (dB) WIT" RESPECT TO TRANSMITTED SPL (NTC)

‘?.\' et \ft.ﬂ
(\_. SRRt {2"Al‘ M ¢ u.h M = 0,08
e J T
DAISY LOBE NOZZLE (Rrun No= 46)
(1SS10N anGLE (RLLATIVL 90 JCY t XPALEY) RLFERENCLD TO NOZ2LE EX)Y
( DEGRLLE )
PTF{ l‘u 20. J0. L' €0, 11 29, 80, 90, 100, 110,
FREQ
KHZ . . . .
250027 o 221.8 #24,2 «28,1 «20,4 21,4 ¥27,Y ©28,4 «27,) ~22,0 =38,0 «27,0
315 |023,0 017,68 2201 w20,7 21,8 o1),7 723,0 wid,) «22,6 «19,] «30,0 «23,4
400 |921,0 15,2 «18,2 «168,4 219,88 «18.8 «fy,8 «71,8 220,68 17,2 «27,6 #21,3
500 ({@tl,@ w12,9 14,8 o130 216,00 «13,U =17,5 218,5 »16,7 15,5 «23,2 218,98
630 |@94,8 14,8 «11,8 11,5 012,68 10,0 «1d4,2 «15,) «13,0 «13,1 19,4 «15,4
800 {011,0 #8.8 7,7 7,0 8,9 «t.i etu,l eit,1 @9,5 210,22 «18,3 «}12,8
1,60 | 9247 ®2,2 od,i e,V o3 9 e7,) et 3 7.3 7,8 8,0 =11,5 «1(,8
1.2% od 8 .,7 ole? -0_.9 oU,06 0_.5 0JeN wd,2 af,2 .én? -U,d .9_.‘
1,60 | =2.6 2.6 4.9 1,3 1.9 3,1 =yt e2,u =4,2 4,7 «6,4 8,2
2,00 | ®2,9 2.7 1.5 1,8 2,8 2.6 wel e1,5 3,7 =43 8,2 8.4
2,50 | o1,6 3,2 2.4 9.6 3.8 €3 1,1 eu,8 2,6 3,2 5,8 7,8
3.15 | ®1.9 2.4 2.4 d,0 3,2 B¢ 1,0 ®wl,0 ®2,1 =3,1 6,2 7,8
1,00 | 1.6 6.8 1.1 2,7 3,0 E,€ eyl 92,8 a3,6 5,7 8,3 #11,0
5,00 2.5 1,1 8,8 3_.0 3.3 3,3 =3, "“_u‘ ‘5_19 9,8 'lé_ni '20"‘
6.30 | ~8.6 1,8 2.7 6,7 6,2 4,6 =2,1 4,0 «b,4 «6,5 8,8 a9,i
8,00 | o¥,¢ @3, 9 el 1,2 elyl w8, «19,0 17,3 =18,9 »12,9 «13,1 1€,0
10,0 e9,2 2,2 3.6 =3.3 ed,d4 2,8 ol0,4 «10.8 ©17,0 «18,9 «18,0 =14,2
12.5 of,b 8,6 8,2 w4q,8 el,d 1,9 ob,t 015, ©14,8 »17,6 «16,7 »1%,?7
16.0 |#14.0 11,6 «11,2 w9,0 2,0 @3, 4 =13,9 ¢13,2 »10,4 »ld,4 =14,0 «1€,.4
20,0 |e14,0 7,4 7.4 8,4 4,3 &3,8 =11,7 17,3 #7,2 wid,} 13,7 o1€,4
390 |est) T6le 36 <822 1308 Z3¢ ebt3 alutu o83 1108 o101 e1508
3.5 w98 06,6 6,0 o110, o0, @17 7,2 #ll.1 7,1 *9,3 v16,1 »15,9
hc,0 09,7 ©7.9 ~14.8 0,8 5,8 <2,6 wb,u -o7.8 7,1 «12.) «10,8 e16.0
50.0 @l 1,8 9,8 09,6 212,7 9,8 ef,u *3,0 06,4 =13,0 »13,1 16,2 »1),1
1.0 [01ge6 3,4 3.9 «12,2 ofA,1 wd,1 09,3 «13.8 «}4,8 14,4 ~14,8 «)6.9
OPTFy  we- NOSPL,
22,4 *6.3 7.5 6,7 6.3 «d,7 eU,] «10,8 =11.9 11,7 «15.3 12,7
CONICAL NOZZLE (run no =93 )
(MLISSICM AnGLE (RLLATIVE YO JET CXPAUST) RUFERENCED 70 NOZZLE EXIT
( DEGREES )
PTEy 1ee 20, 30, 40, %o, &u. 70, By, 90, 100, !0,
FRLQ
KHZ . ) .
250 (824,0 16,1 «17,.0 020,) 24,6 o2l ,0 w237 w22,2 #24,7 ©22,2 =27,3 24,9
315 |@28,7 13,1 14,8 «16,9 w203 «17,6 =19, «19,1 =21,3 #19,8 24,0 22,3
00 (19,3 211,06 913,27 «158,5 @18,6 «16,2 «17,8 17,6 =19,8 »18,3 «22,5 21,0
500 (016,10 8,8 @19, 12,4 «14,4 =12,8 «14,2 14,8 «16,8 «16,1 =19,0 +10,9
60 ]013,7 w68 7.4 9,6 210,08 «9.8 2110 o11,7 «13,4 ©13,6 13,9 16,4
800 [e14,2 3.5 «d,9 6,8 7.2 =l.u 2,4 =B.9 =10,6 «10,0 «13,0 «13,8
.00 ota2 =1,7 3,2 "."? 04,8 f,1 “Qou "’p' =9,0 9,2 =11,1 »o1t,6
1.2 | 6.4 Q.1 1.8 =2,3 2,3 awl.U o3, 8 b4 .8 7,0 U3 o9,6
1.60 | «542 1.4 o83 1,0 eigl el.b 2,5 04,2 wb,2 6.4 8,1 8,7
2.00 nd 2 1.8 0.3 0,3 e0,3 0,5 w8 23,3 ed,8 5,68 7.4 .g..g
2.50 | 3,1 29 0.6 G,0 1,0 Io4 Ved 22,2 =3,7 =5,u 7,0 e2,t
3.15 | 2,8 2.2 9.9 1,0 0,7 2.6 1,2 w13 2,0 4,6 56,6 «7.0
4. 00 2,3 ¢.6 0.2 0’0 [y ] :p4 2.1 wi,} -2.0 5,8 .,,9 -a,‘
5.00 | e2.4 al,@ e0.B 0.4 1,8 3.7 2.6 w08 w38 #B8,6 «10,9 13,1
6.30 .6 9,7 123 2,7 4.t 201 6,3 2.0 3,0 oti,4 «11,9 v}6,6
8.00 | 2.1t «ad,1 e0.t 1,0 247 €,u 1o6 28,9 ©10,4 w11,2 «11,2 o),
0.0 3.4 «2,8 )8 -2.3 2.8 4o o8,1 3,2 6,4 DI «11,5 18,0
12.5 8,2 ab,l efs3 w4,0 U9 4,1 eU,U 03,1 ofU,4 w13,0 «16,7 »i8,?
16.0 7.9 "4.3 ob 4 "_a’ 'Jc' 0,4 "bn;, 6,4 'l:.u "31’ -{8,9 -El,l
0.n o€, 8,3 8.4 4,1 e),.€ 2,0 eJu w7,0 18,2 «12,2 «19,0 #21,7
25.0 | o8¢8 #B,4 e3o1 s1,7 2.4 1,1 eB8.6 eb,1 «10,0 *13,2 «16,3 w36,8
31.6 of .1 9,2 2.1 t,3 2,8 G, ed,8 6,5 8,0 »15,2 0j8,t «17,0
W00 etged «16,d «13,6 «8,8 @B,0 02,2 w7,2 08,0 #11,9 »19,4 «{8,4 =19,)
560 |ett,7 14,8 14,3 «3,5 ed,8 4,3 eb.| eli,d «13,6 ©19,2 «21,.7 .aq;e
63.0 o134 "7-? w1460 '905 '70' 8,3 ol],4 wi3, ) «17,2 »168,9 '|’.3 v?8.0
OrTyy - NOSPL :
23,6 24,6 08,5 o, 0 08,6 4,4 wt,0 8,6 210,90 «11,3 13,8 o14,4
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC;)

= 0.6 = 0.08
M.J Y MT
DAISY LOBE NOZZLE (run No = 81 )
LMISSION ANGLE (RLLATIVL 10 JET LXmALST) RL!‘G%NCLD 10 NOZ2LE EXITY
( DEGRELE )
reQ PTF 16, 0. U, 40, Su. cu, 7o, B0, 90, 100, 110,
KHZ . . . . '
250 | w289 221,4 19,1 =21,2 =23,8 21,6 wi7,8 024,8 «28,4 ©27,8 30,8 29,7
L35 -22,. 0106 o18,4 «12,3 o19,5 17,9 «1€,8 20,9 «23,9 ©23,5 -26 7 «26,1
400 w199 e14,4 13,6 «15,2 «17,4 ou,o el f o188 21,8 «21,4 «24, "6 -2& 2
.500{016,7 o1,1 =180 =11,7 e1dsl 13 ¢ o1d,) 15,8 «17,8 »17.9 2140 -21.
.630 .-s.e 00,4 6,7 8,3 10,7 wll u ati i »12,6 «14,2 »14,4 ©17,6 #1€,3
.800|et4,8 «),7 ed.d «5,8 e?,? el l st 9,8 =il,t 12,0 -11 ] -né,a
1,00 | =844 @1 ,8 2,7 3,7 4,8 d,7 wb,u 07,8 09,2 wiv.d -13,2 «)3,9
1.25 | w6a.2 1.2 0€ed =0,9 el 7 2,4 3,8 »5,8 7,0 =8;7 «11,9 -[2'2
1.60 | »d4,¢ 4.5 tel 1,1 Ue? 0.6 o1,9 od,5 6,7 =8,2 ilﬂ.? 10,6
2.00 | ®3.1 8.5 244 3.0 244 U7 eued o301 8,3 7,4 9,0 e«f,1
250 | w0.6  g.1 3.3 6,8 4,2 2,6 1,3 1,3 =4,5 5,8 8,3 $,2
3.15 | mte1 e1,3 .2 8,72 S, l,u 2.0 w1,7 8.3 6,1 0,2 9,5
4,00 | *2.2 2.7 1.4 4,4 4,4 2.% Tol 3,9 =61 8,1 -10,5 -12 3
500 | 2.7 2.6 9.3 a6 5.4 2,6 1,8 w74 a11,0 «13,0 «14,7 =18.4
6.30 el «6,6 4,2 0,4 3,9 Gob 9.7 16,0 «16,7 *13,) -13 3 «12,0
B.00 | #7.4 9.4 7.0 ed,2 3,8 «d,7 13,3 17,7 =16,8 18,3 -2!_4 “17 41
10.0 ad 4 e9.,4 3.0 l_.o 8.3 «3,% wld.u «4,8 9,5 11,2 .{2,3 '9.-‘
12.5 ed,4 ®B,8 2,8 1,8 4,2 0,6 wUob 06,9 5,8 =6,6 =.2,6 mll,ﬁ
16.0 | =922 w0.1 3.9 @26 2,2 ed.d =li,l «12,8 =12, 28 =12,7 =16,8 16,2
20.0 [w11,6 11,1 ed,2 =b,4 7,8 olQ,4 #2¢,6 2l0,3 o11,7 11,8 13,2 1240
25.0 7.8 8,9 o) 8 6.2 2,3 %% el@,0 02,7 9,6 4,2 10,2 -e,:
31.5 o148 19,3 eb,l =7.56 wbe6 «9,3 12,2 10,9 aii,! ‘655 atl,4 «}§,2
40.0 e, d 214,68 =126 «aB,0 5,1 #%.9 =115 #f,U ®7,7 *5,8 w7,9 «12,7
50.0 | 012,68 13,2 61641 «U,8 10,0 7,3 =13,4 ©10,6 =11,2 9,0 -m, 5,8
63.0 |=11.7 4,2 e, e8.6 9.4 «(0.2 »17,8 al1,4 =9,8 9,0 «11,6 18,8
OPTF§ NOSPL4 ——
20,6 *6.8 5.0 4.9 ©d.4 w6.8 wb.7 =10.6 =13,0 *12,9 «16,2 ¢16.4
CONICAL NOZZLE (run no = 109)
EMISSIUN ANGLE (RLLATIVE 10 JEY EXAUSTY REFERENCED 10 MNOZZLE EXIT
( DEGRELE )
- Plr; 'e. 20, 30, 40, S0, 6u, 70, 8y, 9¢, 100, 1io0,
KHZ ) ) .
250 |»26,9 o81,9Y «1g8,2 -l7 U 21,6 23,2 #24,5 #26,8 29,3 »2{,8 -34 (] 035
315 |wty,8 e9.4 8,6 -14’7 18,0 «19,3 #2¢ B 23,0 -25 8 »19, " 030 0 3, ]
400 |18, w8.2 eB.1 13,4 16,6 -|7 € oi9,3 #21,: -2‘.3 -IB 8 -26,. -29,9
500 |@18,8 8,7 6.4 =10,9 $13,2 «13,4 =16,u 17,9 20,90 ©16,7 »23,6 26,1
630 [693,2 3.4 od4,7 8,2 10,7 =1U,0 =12,9 ©14,8 17,8 «14,8 -29. -22 8
. 800 "'_.‘ -"ﬁ TS 1Y) '5'9 «b,7 0, | »9,u «11,6 =14.4 -‘2.0 -IS ] .!’ 0
1,00 | o, 3 w03 2,0 eJ,;t ed,] -!.2 5,9 -iﬁ,ﬂ oil,2 =97 -!2 8 -15 4
1,25 | #6.6 0.5 142 wi,0 2,0 3,6 03,6 ef,4 8,8 o7:8 .|o 6 .1: 9
1,60 | #8.0 0.8 wgal =03 eud @l B w2,1 edi) eB,1 6,3 w9, o8 -so.s
2.00 wd,) o@,2 0.6 U,4 Ue2 wU,6 wl,6 ©2,2 wd,0 5,2 a9,0 «8,3
200 | 8309 2.0 e1,2 ®0,6 Ued w02 wlel w1,2 3,0 wd,? =82 .7,
305 | e3,0 ®8,4 2,9 0,6 1,6 1,0 t.l =06 3,0 4,3 b4 7,0
h .00 e3,6 w5,2 4,3 =1,7 1e3 093 |p| .“.’ 's.t‘ 's ? .9 { -1’03
5.00 .‘_c' 'g_n‘ e?,) “..0 e0,4 o2 2.u '.lgo -3_.3 7.9 ot2, 5 -IG ]
. 6.30 | a8,7 11,2 «1@9,? =6,7 2,4 a=i,! ted 02,8 «B8,8 «16,0 22,8 »10,9
B.00 | ®6e8 w13,8 =118 o), 4 3,2 0,2 wu.d eb,4 =14,8 «11,0 «13,0 ¢i3,8
1000 | ®B,1 o13,6 «12,8 «7,5 2,8 i€ vZ.l 29,0 9,3 «ld,4 «19,9 oxo 4
12,4 9,3 o19,5 «15,8 =11,2 3,7 «2,]1 »d,3 08,3 «18,8 +18,9 18,4 -22,0
16.0 [®13,8 017,84 21,2 «18,2 =11,2 «7,7 =to,! =8, 14,8 216,06 «20,6 «23,6
20.0 o6 12,6 «16.4 «16,2 7,68 0,6 bt 9,4 10,9 18,7 «19,2 «24,)
5.0 68,6 o14,9 ©)18.8 #7,9 U8  d,& 07,3 9,06 #10,8 old,1 18,9 .|u'a
3.5 |et1,? o181 «13.0 a12,1 7,4 =34 e7.4 «]U.d «13,7 e1d,8 «21,1 -at.o
h0.0 |@12.7 o19,7 «22.5 «12,4 #10,2 ed,y =171 8,0 17,7 »15,6 *20,3 22,8
50.0 |#1640 ©12,7 «20,6 «18,7 =13,0 «€,? =5, 9,7 19,8 =19,0 =24, e -23 ¢
63 0 C1Erd w1U 7 w17.0 o1dob mil1,7 wf,? w1d,2 =13,9 =22, «22,2 28,4 -27.2
OPTF| == NOSPL
2245 4.8 8.8 @08 6,6 et.f 7.2 9.8 «12,2 «11.9 18,9 17,4
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1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTC)

_‘”‘.de?fz M = 0.6 M, = 0.08
cﬁ{“,\n ’ RN J ' T :
. >
: Yo
oF DAISY LOBE NOZZLE (Run No=8')
EMISSTON ANGLE (RLLAVIVE 1€ JCY EXPALSY) RLFERENCED TO MNOZ2LE €X1Y
( DEGRELE )
PTFy te, 20. do, 40, o, €u, 70, Bo, 90, GO, 110,
FREQ
KHZ ) . . . . . .
250 |928,4 ©21,0 «18.7 ©20,8 23,3 w21,2 ¥22,1 24,4 28,0 927,0 *30.4 #29,)
(315 |821,8 018,3 ©14,9 o16,8 »19,0 w17,4 «18.) v20,4 223,58 «23,0 «26,2 25,6
400 [@19,4 a3, 13,t @ald,6 =16,8 03,4 »16,3 018,3 «21,2 «20,9 =24,0 «21,8
500 |w16,2 9,6 9,8 wil 2 #13,8 «13,7 »13,5 015,2 «17,3 «17,3 20,5 20,8
630|212.8 @8,9 o641 ®7,8 210,2 10,5 =1ue8 »12,0 =13,6 =13,9 =17,0 =17,7
800 |et9,0 ©3,2 3.9 wd,3 @b,7 wb,€ @2.b ef,1 #10,6 11,5 14,3 18,3
1.00 w78 ‘..9 L | 'J,' '3.9 "y. "sos ‘70.‘ -a'l7 *9,8 «12,7 'l!,:
1.25 Y 1,1 0.8 0,1 eu,8 al 6 oJ,0 wb5,0 @l 1 e7,8 wf),t #14,3
1.60 | 9308 1,2 148 1.9 1,4 0.1 et 3,8 6,1 7,5 «10,0 +5,9
2.00 2.7 0.9 2.8 3.5 2.8 1,1 Vel 02,8 wd.9 =6,7 8,6 wB,7
2.50 | #1,3 ¢.4 3.8 5,0 4.8 2,8 1ab @l @d,) 8,6 8,1 8,9
3.15 | e1,0 1,2 3.2 5,8 8,2 3,0 2.1 ¢l,6 8,3 6,0 «9,1 5,5
4.00 w2, =2,7 1.9 ".' 4,9 2,0 fel "".8 '650 '8,0 -‘0,‘ -12,2
5.00 | 2,5 2,5 8.4 3,7 5.8 2,7 wi,2 7,2 «10.9 «12.8 «14,6 «18,3
6.30 | =4.2 5.6 32 0,9 4,0 1,8 8,7 o15,1 18,7 12,3 «12,3 14,0
8.00 | 7.2 «9.3 w6,9 4,0 3,6 wd, 6 13,1 017,06 16,7 18,1 «21,3 17,0
10.0 v8,3] 9,1 2,9 ',7 5e4 3,1 =13,9 4,6 '9_.3 11,0 'lz..' -9,4
125 °d,1 @B,6 2.3 2.6 4.3 el 4 =Y,3 06,8 @6,7 =6.4 «12,5 +14,5
16.0 whol e¥,6 elo8 2,6 @2.1 @l 2 «12,0 @12, 12,4 12,6 =16,7 16,1
20.0 [e11.4 o14,9 od,0 0,3 7.3 «§,E w204 e1U.2 1l 8 *11,0 17,1 11,9
25.0 w7.) =8,8 @), 6 6,0 2,2 .4 wlb,) 2,8 9,4 4,0 10,1 =8,2
31.5 |eld.? o14,2 o6,0 o2,4 ob,8 of,2 12,1 ®10,8 «11,0 @6,4 o113 all,l
40.0 98,3 o148 «12,5 8,5 5,0 of,8 «l1,d 6,6 e7,1 5,8 7,8 12,6
50.0 ©12,% o13,0 «18.8 9,7 9,7 7,0 =131 ol «1(,9 »8,7 16,5 =§,3
£3.0 let1,3 3.8 wB.7 8.2 w0,0 wS,8 «12,3 of1,0 <0,1 «0,5 «f),2 =11.4
OPTF; = NOSPL¢ ¢
2300 6.3 o8.4 =4,4 4,0 «t,3 k.2 =10,1 «12,6 *12.4 «198.7 «1€,0
= —
CONICAL NOZZLE (Run No = 109)
EM1SSION ANGLE (RLLATIVE Y0 JCY EXPAUST) RCFERENCED TO NNZZLE EX3Y
( DLGREES )
FRED DTFt 16, 20, 30, éq, Su. Guy ’0. 30.. 90.’ 1. 110,
KHZ . . - . .
250 m9,0 9,4 e7,) 214,7 «lB,7 =20.3 *21,.t «23,0 =26,4 +18,9 «31,7 «32,6
315 [e8247  @2,7 w6,9 =130 16,3 17,6 =10,y wZ1,2 «24,0 »17,9 «28,0 29,7
400 {e17,2 Pt 7,0 «12.3 »15,5 el6.7 o1k.2 42U.d =23,2 »17.4 27,2 28,9
500 |m14,8 a8 #5.5 210,00 212,3 12,5 18,1 17,0 «20,0 *15,8 22,7 «28,2
630]e12,6 2,8 wd,l 7,6 e¥,8 of,4 @12,) 14,2 17,2 »13,9 «19.4 22,2
800 |wtged wl,4 2.8 @5.0 6,8 «€,9 8.3 e11.4 »14,2 11,8 «15,7 «18,8
1.00 | »8.3 »0.2 ef,9 o3.0 ods0 85,1 5,8 w8,7 al1,2 5.6 «12,7 »|8.6
1.25 o€ ,2 §,8 wi,2 e1,5 <2,0 3,4 3,5 #68,) @B8,4 7,7 «10,5 -l!,!
1.60 | 8,8 Q.8 ef.! 20,3 oeU.d el d 02,1 =4,1 eb,t 6,3 9,5 010,)
2.00 | wd,? eQ,! §.€ 0.4 0,2 «0,€ oi,6 =2,2 wedy1 8,2 2,0 3,3
2.50 | @3, 2.8 wl,l 0,0 0.4 o .2 el ]l wi,] 3,0 #4,7 8,2 7,3
3.15 0l 0 4,3 2.8 9,4 1.7 1.1 1.2 ©oU,5 2,8 =4,2 -6,3 .7_.8
L0} ¢3,6 8.2 ed,) 1,7 1,3 0,4 1ol U7 3,4 »3,7 ey,1 12,3
5,00 | el l e, slel 24,6 U4 0,2 dou vleu e3,) 7,9 12,3 «}6,8
. 6. 30 wf,d ol) ¢ wi@.b -5,4 wd ! Uol 1.0 .20 .Bp2 o{8,8 22,8 .’e‘sJ
R.00 | w(,7 13,3 «11,) @7,4 3,1 wbl,l 0,3 eb,d4 =14, 11,6 12,9 »}3,8
10.0 27,5 13,8 «12,) #7,3 2,7 el b 01,9 09,4 0,2 w1d,2 «19,8 «1§,]
12.5 w92 vid.4 «18,7 V1,0 3,6 w2,u 4,2 8,2 -)8,7 {88 «18,3 021,8
16.0 83,8 o17.3 «21,1 otB 1 =11,2 o ,€ olv,u =85 14,7 o16,6 «20,0 23,6
20,0 | w88 12,6 o186, »16.7 «7,8 1,0 =b6,d 9,3 «10,9 »18,6 «19.2 «24,2
25.0 e8.5 013,9 «1@.0 7,8 eU,d 4,7 e2,1 9,4 ®]0,7 *13,9 13,8 «18,6
31,5 |et1,8 018,00 «12.9 =120 7,3 3,3 7.3 «1u,d 13,8 eld,d «21,0 20,9
40.0 13,7 o19,6 «22,5 12,1 «10,2 ed,u »17,0 »8,9 ©17,7 ©15,6 #20,3 «22,4
50.0 [wt3,9 12,7 «22,6 «18,7 «13,0 o, «18,u «8,6 «]9,8 ¢19,0 24,9 23,5
63,0 Jot6,3 o10,6 «16,5 14,5 211,66 o5,6 14,1 »13,8 «22,2 22,1 »25,3 «27,1
OFTFy = NOSPL ¢ e
2.8 3.8 e4.6 @Y 05,6 ef,8 0.3 8,5 ®11,2 *11,0 #15,0 ¢}6,.4
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,)

MJ 0.8 MT 0,08
DAISY LOBE NOZZLE (Run NO = 53 )
EMISSION ANGLE C(RLLATIVL 7€ JLT CYWALSY) RLFERLMCED TO ACZILE XY
( NDEGRLIE )
PTF; 26, Ju. 49, Sy, €0, Tu, By, 9us 100, 110,
FREQ
KHZ . .
.250| 27,6 s20,) =29.9 =27,4 21,9 «28,7 =li,0 w¥d9,u 627,68 =35,y 34,9
315 €24, 010,5 17,8 23,4 #19,1 o272, @7 ,u 35,6 28,0 e3u,d =31,J
LOD ] «22,7 ot8,1 «16,) -7"7 o7, 020,t wih,u ':J.Q 023,85 «208,% 29,0
500 @19 ,6 »10,9 «13,5 ot8,1 w181 @), 8 wii o8 «84,9 «21,0 «24,? «26,4
630 «16.1 7,3 216.3 14,3 011,9 ofd,u =1t ¥ 17,3 =17,8 o20,1 «22,4
800 et1,5 ®3.d 6.4 olu,1 =8P eB,t «11,2 «13,u eld, 1 #14,7 18,1
1.00 ol,§ 0,5 4,0 ®8.1 5,4 «t,2 7,2 9,6 «11,) =10,9 «14,4
1.25 ot,? 1,8 2.8 -7_.] 03,1 3,7 4,3 "?p“ -9,8 =8,4 «11,9
1,60 | 8.6 2,3 eled 5,9 e2.,0 w2, 7,9 wb,5 e8,6 7,7 «10,6
2.00 wd ¥ 2,6 0.8 =d 8 el H ~l,l s7,t =4,5 8,1 =B8,) =10,2
2.50 wd,? 7.0 el 0 eJ,v Ued wligt 03,2 ©d,] =7,9 9,5 «10,9
3.5 -3,t 18 «8.9 =2,2 3. Ut 02,2 a3,y 6,8 0,0 =11,3
L.00 st,t el ) 2,7 =i, 7ed 7ot Lot wl,d4 =8,6 8,8 =10,9
5.00 | wCeb @745 8,7 27,8 2,9 <3.u 7,3 =B,B 13,6 »15.,8 «18,0
6.30 .l w1,2 ef.l o12,0 wUE 89,5 =14.t 12,6 «12,2 #1045 =14,9
8.00 | =1247 «d,2 o11,2 =18,2 oH € o12,% o, 9,8 «12,3 «10,8 «13,6
10.0 alt, ) =b,6 11,6 w170 7,0 4,6 7.t »lu,7 =18,8 wld,7 =14,4
12.5 w12 8 B9 11,9 16,0 2,1 4,0 13,4 «18,2 19,4 15,5 «15,9
16.0 etz 2 oB.9 11,0 =13,2 2,9 wl1,7 @20t #27,2 =19,0 =19,6 »22,0
20.0 14,3 8,3 «18,9 9.8 6.3 «t6,p =17, wl7.6 =« * «21,4 «25,9
?5.0 1,8 9.5 12,6 12,0 «1U,? 12,0 =4,5 »10,2 =18 4 13,3 22,4
31.5 #12.1 =B B o9,8 «11,7 aH,4 <85 0,6 «12.,5 <8, =11,3 =22,5
H0.0 | »14.2 20,1 =14.) «13,1 =10,2 7,4 oty | 24,6 =12, »12,8 =21,7
50.0 | wtbo? o19,5 18,6 «21,2 «12,2 «13,€6 =172 «17,2 «19,6 =17,2 23,2
63.0 w11,2 o14,6 o170 o171 ©2,6 ol,0 6,4 «11,8 29,4 »12,9 «2i.bh
OPTF; NOSPL ;
2¢et 00,6 @9,4 =12,9 7,1 5,6 11,7 13,6 «15,9 16,2 *19,3
CONICAL NOZZLE (run no = 113)
EMISSION ANLLL (RELATIVL Tt JuUT EXPALSY) FLFERENCED TO NOZZILE EXIY
L DEGREES )
Lt PIF; ta, 20, Jn. 40, Eu, eu, Py, By, S0, 100, 110,
KHZ
250 [a4g .3 eBa7 o8 M a12,9 @160 17,7 23,5 «26,3 +31.6 39,5 «38.7 37,6
2315 Ja17.0 20,6 =€, =10,5 «13,3 =14,€ =1yt «23,1 «27,5 <3v,1 =33,9 «33,3
400 08§ e5,6 «€,7 #U,5 12,3 ol3,b eil,4 w22,u #26,1 928,06 «32,4 «32,0
500 [@13,d4 03,7 m1e7 #6,9 9.7 =10,7 =14,2 «18,7 «21,2 «21.4 «26,2 «27,0
630 [atg ¥ =08 et 8 =d,5 o7, efol wil,1 15,9 =17,9 17,6 22,6 «2),7
800 | wk,2 6.9 Q.8 =17 ed 0 #8,4 87,2 =12,b 14,2 «13,8 18,9 v)6.9
1.00 | et 2 1,8 2.0 w0,0 el 6 @2,2 wd.) ®9,1 *Ju,9 ©10,) «15,4 »1€,4
1.25 | w88 1,3 2.3 Gub eUel eh € 2,0 6,2 «B,0 7,4 «12,3 o124
160 | w3.8 8.7 242 1.3 0.9 Ut et,¥ w3,7 8,5 8,1 9,6 10,8
2.00 | *3,0 0.7 Q.9 1,2 242 1,5 ot,? «i,7 «3,8 «3,86 =7,3 8,8
2.50 | ®g.4 2.8 sl A 0 2.7 F.5 uel 0,9 e2,6 =3.4 =88 8,3
3,45 w2,2 ®5,2 <t,i Q.9 2.1 3.3 1.7 wu,7 2,3 =3,4 8,6 «9,8
4.00 2,5 4.1 =g.¥ ‘|p7 Uel 39" fed ®UH w2,0 4,2 '0,9 .l‘pa
h.00 03,8 8,6 4,2 «bm «?.E 3.3 2.5 U2 2,3 6,7 =13,2 »20,9
30 | 3.8 e8,7 8.2 w37 e?ud 2,7 3,8 eu,d w6,8 »12,4 «17,8 16,7
B.00 | «8,¢ =10, «B8,3 wb,0 4,7 7,7 2,4 =6,3 14,3 «10,6 «14,7 «18,8
10.0 Of B o13.9 ofd.l m11,4 8,4 1,9 1,7 #6,5 w0,7 eid;d #22,9 ©19,6
120 | =8,0 11,7 8,7 =110 9.8 1,6 3,3 w=b.,4 «lu,2 «13,0 =1€,6 «22,5
6.0 09,5 ©20,5 w17,0 w1b, 0 21Ug2 ), T e,5 13,2 =15,3 v23,1 25,2 w28,
20.0 w12, 8 017,49 12,4 -'7_.! e13, 6 =3,7 =12,2 ~10,5 «17,3 «14,6 «22,4 «23,8
25,0 | =3.9 9.5 5,3 eb.3 2,7 4,4 KB =3,3 =9,1 =7,7 «16,7 18,0
3.5 | «d,2 «18,0 0,9 6,3 2,2 4,4 I w82 =0,1 0,0 «13,7 #22,7
4o, 0 e3.7 012,60 wia,l =J,9 #2,4 t,t 2.9 4,0 «8,5 8,4 «18,0 17,0
50.0 2123 et 2 a7, -‘Jpo 09.8 -t LR wl2,?2 =16,9 «14,0 '2?:.7 925.‘
£3.0 letiol 7.7 o18,0 «15,§ wilou @3, 4 02,4 o13,2 =19,2 «18,9 =19, »26,"
OPTF; == NOSPL ; —
24.7 e2.7 ep.8 w81 ed.t =3,4 ed,7 eB.b oll,1 =1t,1 «15.7 17,7




T

173 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTC,)

-g B
Y
_‘v_"u\, Ve ‘M MJ = 0.8 MT = 0,08

b DAISY LOBE NOZZLE (Run nos 53 )

EVISSIOM ANCLL (RLLATIVE, 10 JEY LXMALET) REFERENCED TO MOZ2LE

Exy
{ DEGREEE )
PTFe 20, 300 40, S0, €0, 24, By, s, 100, 110,
FREQ
KH2 ) . .
250/ @26,6 o19,1 19,9 #2680 21,0 o2d,? =36 ®28,U ©26,8 34,0 «33.4
+3151223,4 015,6 «16,9 22,5 «18,2 ogl,4 w2b.i w247 24,1 «29,5 «3¢,4
4001821 0 ©14,3 15,4 «20,9 ©16,8 19,6 ¥24,2 “23,1 022,06 w27,.6 .28,7
500 1et8,8 14,1 «12,7 «17,3 #14,2 wit.? wzy.) 26,1 220,2 23,4 25,6
6301218,3 «6.6 9,5 «13,0 o111 )3, elg,u *16,6 «172,1 «19,3 «22,0
.800[et8,2 2,6 o5,6 “0,0 o7.4 Wb,k ol1(,.4 12,3 «13.3 »14,0 -17,3
1.00 | «BeQ 0.4 ed,! @26 4,8 5.4 6.3 *8,7 ©10,8 10,y 13,9
1.25 -t 8 2,6 el d efi 1 ©2,1 e2.% 3,4 *5.8 «B,3 7,2 el0,?
1.60 4,7 3.l eg.b 3,2 el1.2 1.4 2.1 4,7 *7,8 «6,9 9,8
2.00 | ®4.2 3,3 ege2 4,0 eu,t “Ued 1,9 3,8 e7,8 =2,4 9,5
2.50 | ®4,4 2.3 0.7 3,7 u.6 “0ed 2,9 23,8 7.6 9,2 10,6
315 3,2 1,3 «de8 =1,y 3.4 0,9 w1,9 2,7 6,8 =8,8 11,0
4.00 | =h & 1.8 e2,4 en.s 7,6 311 (. 1) +8.3 0,8 #10,0
5.00 o601 7.9 8,2 7.4 Jad =2,€ et,.9 *Be,3 213,11 «18,4 «12.6
6.30 | =Be@ 29,2 w6l «11,0 .5 <8,k e1.6 *11,6 «11,2 *9,5 «13,9
8.00 |o11.3 «3.8 «10.8 «17,56 27,0 ol1.€ ot.2 *9.1 «11,5 «10,1 =12,9
10,0 |e14,8 =6,4 =11, o168 o6.8 =4,3 27,3 =10.4 18,6 14,5 14,1
12.5 olg .1 =R,5 a11,.6 -|6'.? olg? =d,! =13,y 17,8 =15,0 »15,1 «15,6
1.0 wi24%8 «7.9 e11,0 =11 2,3 wi1,& w214 “27,2 «18,9 »19.5 22,0
20.0 w141 8,1 «1y,? 9,6 8,1 wlb k =ip,) 17,4 «14,8 21,2 25,7
200 [re7 =¥3 91004 @124 a10L5 o1l F wb.) efuly =182 13,1 =22,2
31.5 ©12,0 ~8,7 «y,6 =l1,0 w8,2 o8, eY.x #12,4 w€,d wi1,2 22,8
40.0 fetd ) o090 «14.% o1J. 1 oly,Z *7.3 e10at w23,9 <145 ~12,7 w21.7
50.0 mtE.C 16,4 «15,5 «21,1 «12,1 <13t =17.1 #17,1 «16,5 =171 23,1
61.0 St1e€ *1d,4 =16t 16,9 2.4 w7 b wb 2 11,6 =2G.€ ~'2.8 LAY
OPTFt <t NOSPLy
Susl <TLE M7 1201 w6 wb,b eliLY 12,8 =148 -15,8 w14.5 J
CONICAL NOZZLE (run No = 113)
EMISSION ANGLLE (RULATIVE TC JLY EXkAUST) RCFERENCED YO NOZZLE EXJTV
( DECREES )
- AN 4. 20.  Jo, 40, S0, eu, 70, By, 90, 100, 110,
KHZ
Sl lelig w34 e3.b 7,7 =10,7 clie® «18,2 v21,u «26,4 «30,2 *33,5 #32.3
S3hJel8,Q wd,? ed,9 *8.9 11,4 «12,6 =12.? “21,2 «28,8 28,1 «3{,.9 o31,4
e fe1.2 4.9 o585 wB.7 a11,8 w12, =700 v21,2 «25.4 27,8 «31,6 &31,2
M01212,8  «Z,6 «3.2 w6,4 wB,1 el0.1 =14.8 “16,1 «20,6 «20.8 =25,6 o26,C
630 [etg.6 eg,6 ef,2 24,2 «6,9 2,9 =i 8 *16,6 17,6 17,4 22,3 #23,4
(8001 28,2 @,9 9.9 «1.7 3.9 “$.3 7.1 <12,4 «14,2 «13,7 e18°8 v19.8
1.00 | 6,2 Te 2.0 =0,0 «1,6 3,2 edel w9,1 10,8 10,3 16,4 o)b,4
125 | ed,9 1,3 2.3 0.9 el o1, 8 a2,u 8,2 *8,0 7,4 «12,3 0j3.4
160 | a3, 8  gl2 2,2 1,3 0.9 0,1 eu,9 2.7 8,8 o5, 9,6 *10,8
2,00 | «3,4 «6.7 ¢.9 1,2 2,2 1,8 0.7 w1, 1,8 3,6 7,5 6,8
2.50 ®2:4 22,7 eg,l 1,0 2.7 2,9 Vel ®»0e9 2,6 =3,¢ =5,5 #0,3
3.15 1 e2.2 «5.2 e1,1 4,y 2,4 324 1.8 0.7 #2,3 3,3 6,6 w9,4
4.00 | @2,8 ed,t g, 1,7 (Y] L] Ip3 wU,d 2,0 e4,f 8,9 14,3
5.00 | 83,2 «B,6 ad.2 5.0 e2,6 3.3 2.t U2 e2,) 6,7 13,2 20,9
6,50 1 =2,7 8.3 4.8 3.3 2,9 41 4,2 Uil «b6,.4 12,1 w174 18,3
8.00 | #4,4 «190.2 «8,2 wY,0 ed,6 2.t 2.4 26,3 14,3 «10,5 «14,6 #1867
10.0 1 #8.8 o13.3 «10.2 =110 o6,) 2,1 1.9 00,2 «9.4 =14,) €22)6 *19,3
12.5 ®d,% +11,2 8,2 “ll,1 9,3 2.5 J.8 24,9 9,7 13,3 “)1B,1 22,0
16.0 =V 220,90 «17.0 18,9 aty,) “led 22,9 «13.2 «15,3 «23,1 »23,2 28,3
0.0 212,80 0179 =12,4 =172 13,6 *3e? «12,1 210.5 12,5 o14,6 *22,4 »23,6
25.u ok e9,4 5,2 =8.0 2,6 .t le9 #0342 0,0 «/,6 «16,6 17,9
35 | ®d,0 148 o9,7 w61 e2,0 4.8 3.2 eb,0 w9,y b8 “13,5 23,6
40.0 ®3.6 12,5 aig.4 o, «2.) €€ 2eb 23,9 8,4 «B,) 14,9 ©i16,9
50.0 Jetg,) «11,9 16,9 =id, " 9.6 mG.) wd.b *12,0 «16,7 13,8 <22,5 eat)2
63.0 Jet1,8 7,5 «13,% “15,7 o 0,8 &3.2 “2.3 «13,1 =19, *17,8 <19, 2 -29.0
OFTF, e NOSFL
26,6 o1,8 ap,8 ®Je? w3, 0 2.% edeb 7.7 »30,2 “10,Y «14.9 »16,8

21

el



1/3 OCTAVE WTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,)

= 0
My

My

= 0,16

DAlSY LOBE NOZZLE (Run NO = 39 )
LPISSI0ON ANC " (RLLATIVE TC JCY FaRAUST) REFERENCLD 70 MO2RLF eXiY
{ GRELS )
réQ PTF; 20, ¢, S, B0, 00, 0, Hu, Su, UG, 110,
KHZ
-250[e2g st +10,3 2046 «23,9 «28,0 #2E,E w22,4 22u,) «17,3 *22,¢ 18,3
315jetB ] e8,8 12,7 Oall 1 «21,¢ 'l? P efy,t 017, ©14,8 18,7 18,7
400e16 6 8,9 16,0 -IG,G 18,6 oI5, «16,9 »15,5 «13,1 36,6 «13,9
500e1d,d 06,2 «13.9 18,7 «16,2 -l..u s1d,1 -lJ.d o318 o1d,2 oty 8
630[et0,8 4,2 «11,2 «12,4 o11,6 oliou =1yt eu 6 o9, ell,1 9,0
L800]| w9, «3,9 e9.0 ‘9,3 08,7 «wB.4 ol,l =B,2 =G,B -B.l el
1.00 7,8 "2.6 ob,8 ’7‘0 b9 @7,U @b b -.G'Q -5'5 8, iﬂ Q
1,25 | @741 1,8 oS, @3,7 3,0 ebsl et,l ©6,2 5,2 =6, 7 -a,
1.60 LY N} -d 4 -1.9 -bp? '505 ol ¢ '9'3 "0,7 «f8,6 w6,9 -6,"
2.00 N 1.9 2, .3'0 od,] ed 2 of,y £1-18) *4d,8 .6.‘ ad ot
2.50 | #8.3 1,8 e2,1 3.4 3,0 @, 3.8 w48 4,0 6,0 «8,6
3,15 | #85,€ 3,6 4,2 =5,0 2,0 @32 93,9 -eb,) 6,2 e7,t .a'a
5,00 | 8.3 6.4 6,7 8,1 a0 @32 d,8 w4 w2,k «0,3 8,4
5.00 | =743 4,9 el.0 -e,o ©5e9 @Eod b4 wi1,7 «)13,6 =17,8 13,7
6.30 [o10.0 9.4 <106 @180 <7.2 «B.1 afl.d 3400 =13,8 «13,0 -1204
8.00 [811,9 7,3 atd 8 «i8,7 =14, (5,2 =i3,2 9.5 7,8 aY,1 wd,.d
10.0 |otg4.8 =7,1 «15,9 -u,? 09,7 AG,u eb,t @8,8 «9,4 wi},8 .|o_¢
12.5 wH,2 =0, 4 ed,5 @6,6 7,9 «7,3 e8,u 09,7 «6,8 #12,4 )8
16.0 | o84 2,8 a7.8 eB.3 a8,2 @R .€ eb,u =10.Y 411,77 «16,9 «10,3
20,0 | =Ba2 2,3 «13.2 @139 B3 eB,u 02,8 w7,u 8,4 ©18,9 a9,2
25.0 -5, Y. e, 8.4 8,2 ol & 04,2 o11,.8 11,5 «14,3 11,0
31,5 | ~a,3 14,5 3,6 -J,n 0d4yd wdgl el b *14,5 e12.0 12,1 ©13,6
4.0 «2,? 8,2 eg.t -7,4 8,2 8.0 02,0 «14,2 «13,4 13,2 12,6
50.0 | 5.8 4.7 ele9 el0,1 By w61 wq.t o1d,) #13,7 #13,4 13,1
63.0 oy, 4 2,7 =),4 =115 011,77 o0.8 «0,0 18,5 «14,7 =13,% «§6,.%
OPTF; —= NOSPL;
21,0 3,9 «16.7 @121 211,56 ®11,5 =11,6 «11,9 =J0.4 «i2,4 =11,
CONICAL NOZZLE (Run no = 120)
EMISSION AMCLE (RELAYIVE 10 JEY EXWAUST) REFERENCED TO NO22LE EXITY
( DEGRELE )
PTF, e, 20s J0, 40, %0, tu, Pu. B0, 90, fiv0., 10,
FREQ
KHZ ] o )
250 [atg,8 6,6 «19,) «30,) n31,0 «26,2 w28,6 «40,U <28,8 +25,8 -27,7 =23,2
315 |et2,€ 4,7 «17,1 -25,5 26,4 024,86 w24,4 «32,4 224,8 21,8 23,6 »19,9
500 [«18,7 1,1 a17,2 223,08 #24,4 #22,8 w"2,4 «JU.U «22,8 «29,0 -21,8 -n 2
500 [218,6 «¢,8 14,4 -n 3 =19,8 wiB,§ «17,9 «9,2 -n 8 =1651 «17;6 .15,
,630 |#15,2 14,9 «t5.68 -\5 3 o163 214,58 w4, -1d,2 -‘3 8 12,2 1), 6 =§1, 7
800 |o11,9 «11,5 =11,4 -1l,~7 211,08 el t otily? =107 «§0,6 =0, -10 3 .o,
1.00 o7.,9 7.8 w8,0 8,8 -E,! oi,2 =8,5 8,2 8,8 -a,; wd,?
1.25 4,2 vdd .s.-’ -!.9 eb, 4 wbol -ef4l -6_.2 od;? -5 [] .‘ 9
1.60 el,d 2,1 2,6 =30 -s,u wdod 94,0 w48 3,6 ad,9 3,8
2.00 102 =0sd ©0,9 02,) 3,6 02,8 2,8 2,7 2,7 50_.4 .3,2
2.50 4,7 1.6 0,0 wUgd el ) ol 0 95,6 2,1 el,5 «3,6 2,3
3.15 7.9 a1 2,0 1.8 0.7 uel 2.0 2,0 s1.7 3,4 o, 8
4.00 1,4 4.9 2,8 2.4 1.6 Tol 93.0 ®1,2 1,8 3,2 eod.4
5.00 13,5 4,3 ?..H 2.4 1,2 Uol -64_§l wdg1 -4..5 .6 ? 7.3
6.30 14,6 3.9 2,8 2.4 e0,) w4,0 w81 9,0 »10,1 «12,0 »12,0
8.00 ol 11,2 23,0 o3, #8.7 25,8 <), 15,8 #15,0 #11,8 =13, 18 eq204
10,0 | #8750 7,9 e9.d4 w9,9 =0,6 af,1 eb,d4 =f,u @11,8 9,0 «10,8 11,5
12.4 o116 1,9 8,0 10,2 10,1 0,4 oll1,? =18,7 17,8 13,8 -16 1 »16,4
16.0 |81133 3.3 9.0 «10,0 8,6 8.4 =12, #17,6 -ll.l -13. i 1503 o166
20.0 L1 ] 7.2 ol 0 = ..u o8,8 =lu,u old,] «22,3 -20.3 "’.‘ 16, 8 -IS ]
25.0 [ 118 °] 0_.0 ed,0 '59‘ el .7'05 “i?,.3 ‘1093 .12'7 ol3.1 '|3.‘ .l‘ 4
31,5 |e19,3  d,) eB,U #9,0 wlU,7 el @i d wil.d #13,9 w137 13,4 -N 4
40.0 [e18,8 4,8 «10.0 8,4 el1,] «llol «11,8 «14.3 «20,0 =14,9 13,9 e16,0
50.0 |=12,8 3.8 «9,2 wl1,4 216,3 o171 10,6 «2U,8 15,7 =13,6 -\8 9 .22 9
63.0 (0911, 4,8 »12,] o12,¥ 214,27 17,2 ©14d,4 »21,U #18,9 #11,9 14, '3 28,0
OPTF; = NOSPL; .
231 4,1 eged w8 0 10,2 10,9 210,95 w12.) «12,2 «10,7 «12,6 ¢11.5
212
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R 2t




1/3 OCTAVE NTC (@B) WITH RESPECT TO TRANSMITTED SPL (NTC,)
A (T S
A LA 1 AGE ! M =0 M. = 0.16
Ohhlkx)'kﬂ‘ LT ’ 1
S POUN
Ol DALSY LOBE NOZZLE (Run no=39)

EMISIION ANGLE (RICATIVE 70 JUY €XRALSY) RCFERCNCED YO NOZILF EXIY
¢ DLGREES )

PIFt 20, 30, 40, 859, tu, Tu. BG. 90% 1¢ . i10.
FREQ
KHZ . )
250 eib b e8,3 el8,6 21,9 023,0 €24,% wiu,4 18,1 8,3 «20,0 18,4
315 w18 ,8 00, @15, "8,0 -i8,8 olf,7 =i106,9 o14,8 -12,4 6,2 «13,7
H00 @ 1I.€ 24,9 13,0 @l%.3 215,06 o166 wt),Y 12,5 =1U,1 ©13,6 oi0,9
2500wttt ©2,9 @106 «12,) =11,5 ol1,7 w1y 8 olU,) «8,2 *l0,8 o8.5
630 ®7.4 =0.0 7.1 wl,2 7,8 @tk ettt 8,4 =5,0 =b,8 =4,9
.Boo| «%,% 4.6 <9,2 -bp‘ “d,f ed,t ea,’ ed,4 =},0 »4,2 =},|
1,00 | ®2,0 6.2 3.9 4.2 <dil et 1 )7 3,9 2,7 =39 =30
1.26 8,1 lol 2.9 @J,7 «2,0 ed,i. 4, 4,1 3,2 =d4,7 3.8
1.60 | =28, Vel 2.2 3.4 @30 @l,s bt eb,u 3,0 5,2 ~a4,3
2.00 4,0 1ed etall 02,3 «2,F af,5 1,7 4,3 3,6 4,8 3,8
2.50 | 4,8 2.3 1.2 e2.h @2, et el ed.u ed,1 =85.2 4,8
3,15 | =840 4,0 2307 8,0 @F.E W,F et 04,9 «5,8 wG.7 w6l
oo | =%,2 €3 6.6 @B.0 w2,F Wl 1 ed,¢ 0,3 7.8 9,2 8,3
5.00 | »8,2 6.9 8.9 eI, ¥ =3 K 24,7 et,! 9,7 «11,5 w15,7 «11,6
#6.30 | ®3.3 7.1 edo0 @37 0g) e(,] el 7,5 e6,4 85,8 4,9
3.00 fe11,4 27,9 =14, =15,2 213,32 «14,) «12.7 «C,u 7,0 =8,6 =7,8
10.0 19,3 «6,5 «15,d o141 oY, 1 «E.E o2, ),% «B,8 =11, 9.6

12,5 2.2 1,7 2,4 edh oS¢ WP ).l «7.7 ed,7 etu,d4 5,8
16.0 *te0 3,2 7.4 eB,Y ed b Sl ), 0.9 m{],) w16,8 =9,9
20.0 e/.% 2.7 «12,8 13,5 eB,0 «7,7 e2.b e.,? o8,0 «15,1 =3,9
25.0 *ded 9,7 w2.4 @d,7 ed,b ed,F 3,4 e)),] =108 13,9 10,3
3.5 2.0 16,9 5.9 «1.8 2,1 <i,k 22,2 «12,2 «9,7 9.8 «11,2
4o.0 ot 10,85 2.0 °5,3 ed,u @3,k ey.4 e12.1 «11,) 10,9 =10,5
50.0 4.6 12,8 £.4 <0,5 1.2 €,0 4,0 5,5 8,1 4,7 a3,?
%62, 0 f.! 2.8 4,0 =2.5 Vel wd,i ®i.d 98,2 «7,1 w5,1 «d.9
OPTF} NOSPL4 —
23,8 1.4 eB.2 #9.0 9,00 eS,u e¥.U ©9.4 7.9 9.9 8.6 J
— |
CONTCAL NOZZLE (ruN noO = 120)
EMISSILN ANGLE (RULATIVL YO JCT EXRALST) RUFERENCED TO NOZZLE EXIT S
¢ DtGRLES ) .
4
L Py, 'e. 20, Jo, 49, %o, 64, 70, Bu, 90, 100. 110,
NN}
KHZ .
OH0 eEL2 11,2 elho) =25,7 26,4 24,6 Y24,u «35,4 24,2 «21,2 «23.1 »18.6
) wBe 9,3 #12,8 21,1 21,7 <20,2 =19,7 027,08 «19,8 17,2 «19,0 «}8,2 4
B00je11,0 B8 12,5 «19,) 210,7 18,2 «12,7 v25,3 =17,8 15,3 «16.9 «13.5 ¥
500 1e1,a 4,4 «9,8 14,8 218,0 «13,5 =13.3 ©14,6 ©13,2 «{1.5 «13,0 10,8 :
630 |m1g .8 10,6 a1, O|l’.l) =), 0 10,1 8,7 -=9,8 .9,‘ 2,9 -9'3 e¥ .4
. 8on ot 2 7.8 o? .6 -8,0 ali1 oJ.4 ",o“ EY Y] ®6,9 =3,4 -696 .spl K
100 | a8, =d,d 24,3 o8,0 @83 5.0 4.7 wd,T ed7 3,2 d,6 3,2 *
Lot ) edy? el 0 w20 @2,8 o)o6 ed,u o3,0 93,7 3,8 2,3 w3l 6 #2,6
TEC | ede2 e@.f =0.8 @l 3 «2,6 3.7 o3l e2,9 #3,2 <2, 3,6 o2,5
AR} 2,8 2.5 0.0 ll_.: slgl wg,d o2 ‘.l_OJ oi 4 oi,d el,f ol,9
st e2al 5.2 2,0 1.0 0.) eU,E eu.? wl.l 1,6 =l,0 =3,1 e].8
Clh o eteg Be2 3,8 2,3 1.9 1l 0.8 wl.? w17 e1.4 «3,1 02,8
hoon | =~e,d4 11,4 4,9 2,6 2,4 1.6 1ol w30 1,2 1,9 3,2 ed,4
5.00 | =844 13,6 4,4 2.9 2,5  1,) (.l ed,0 4,0 4,8 «6.6 7,2
® 6.30 1.3 16,7 5.4 5,1 4,8 1,8 2,85 w6,0 =7,8 8,0 .9;q 9,0
800 | e85,8 11,6 2,8 w3 1 e5,3 «§,% el),4 wib,] 14,06 ¢1i,4 “13,2 12,0
10,0 ot .0 9.9 e7.9 @?.Y ed,b el | vd,d @7, U =9,8 7,0 wB.8 =G5
12,5 [P R Y | 6.8 .2 3.t 4,k 7.6 »%,7 4,2 3.7 «d,2 4.5
16.0  [ot0.¥ 3.7 99,5 @107 wHoZ «B.u 11,9 17,2 «13,7 ~12,7 =14,9 16,2
20.0 wl & 707 00,5 @6,72 7.0 e§,4 «13,D eZ1,7 #19,8 «16.,6 =16,0 *12,9
25,0 | o8,8 6.8 e3,6 =4,V o33 2.4 a1b,B «1B.8 12,2 «12,6 ~12,9 »13,9
3.4 5.9 4.9 24,2 =B, M e9,5 @B, ~lU,t w10,6 =13, «12,9 12,6 13,8 e
ho oy, b S8 Y. e7.7 e10,4 01,1 el b 13,7 «20,2 14,2 *13,2 «18,3
0.0 jetg,2 S8 o7,0 20,4 13,5 ald,7 =14,] =18,2 13,3 *11,2 216,6 20,8
$63.0 ) o7t B9 8.4 aB,t 9,5 @ldiu otogl w16,7 =f1,0 =7,4 9,8 +20,8
OPFE) —— = NOSTT -

27,1 (] vd,a -5.-!' ©6,7 wl,u e),u e8,) *8,) «b.,8 8,7 7,8
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1/3 QCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTCp)

J

= 0.4
M MT

= 0.16

DAISY LOBE NOZZLE (Run No = 48 )

LMLISSION ANGLE (RLLATIVE 10 JCY LXPALST) REFERUNCED YO NNZILE EXLY
( DEGRLES )
PTFy e, 20, 3n, 49, Eu, c€uy, 79,4 Bu, 90, 100, 110,

FRE(;

KHZ . . . .
250 ®3,8 14,8 «22,1 #2508 #26,2 «2B,1 wib,d4 w27,2 «30,8 «25,] «29,3 27,6
J315] 08,8 11,9 «t8,5 221,41 22,0 »24,) wdd,n #23,8 #206,7 =22,) 28,9 #24,8
400) 69,2 8,2 «17,6 «18,5 w20, 22,2 wil,/ »22,1 «24,0 «20,5 =24,1 «23,2
500 |iee? 6,8 atdyt w15,7 w16,6 a1€,k =il b =19, «21,3 =18,4 <21,7 21,0
630]|m1€,3 06,8 12,5 012,1 #12,9 oI, 4 15,6 wi6,2 «]7,8 «15,7 «18,1 18,3
LB00[@t3 1 #8,1 eB,d4 B0 9,1 el1,t @i,k @12,9 213,8 «12,4 ~15,u ~19,4
1.00 |ot€,2 3,2 oS,1 od i oS0 8,1 e4,2 «1u,2 »lu,6 9,7 «12,4 ¢1],0
1,25 | wle@ w2,1 wd U 2,80 «3,4 W,k e7,. wl.d =8,2 7,9 10,6 ~11,5
1.60 | #tod wl,1 1.9 0.7 1.2 @3 0b,? w7 @b, 6.8 =9,1 =y,
2.00 .3 9.4 ei,8 u” Ued o2,) edgn ebed o8,1 =6,3 'en; .9’6
2.50 | 94,0 .6 el 1 1,0 2,0 w0, e @37 wd,U 8,8 w78 8,0
3.15 | =248 2,1 1.8 36 Jil Ou wF.d e?,] 3, 5,9 8,0 «8,8
4,00 | *2.¢ 4.0 2.9 4.1 37 w2 oJ,2 w2,1 #4,3 «7,.5 «11,0 «11,4
5.00 | ®4ed4 3,9 3,4 U B 1,7 @dlB «¥.d w].] a4 «12,3 18,2 =20,7
6.30 | 4,8 4,7 5,3 4,5 0,2 «7,1 wl] B «l4,1 =15,3 «14,1 =14,4 «15,)
8.00 | =3,3 3.3 7.6 5,2 145 @842 w2S5,u ®16,2 «13,9 =11,8 =13,1 «12,6

10.0 el ¥ =g,3 7.4 b,u 4,9 1ad wl,5 6,7 #19,4 »15,6 «15,9 «§,5

12.5 L1 |’7 oo l'b 2.7 .|'| ook .‘?_.6 "!': LIR Y] "”4 «}2,4

16.0 | #2747 147 9.3 @30 Ued 3,7 #12,2 wib B =15,2 «1y,9 «15,8 1,4

20.0 26,5 1,7 el.0 =0,6 U8 )4 «14,Y (5,0 10,4 =8,2 14,0 ~13.0

25.0 5,7 4.4 4.2 .5’0 0,7 «0,l =lugat w],8 e8,8 13,0 «15,9 'l’,’

31.5 «£,3 3,6 2,1 2,1 Vol w2,7 0,9 6,6 12,6 8,8 =16,2 =10,3

uo.0 07,1 m9,2 e7,1 w15 eU,t w4 w5 4,5 aB,) =8, «17,0 ¢]6,)

50.0 w6,2 ~5.8 0,8 =0.9 )0 0.4 =14,9 #5,2 =12,0 «12,5 -19,6 21,1

63.0 of 4 5,9 9,4 6,2 5,3 243 »11,7 97,0 210,22 =17,a »19,8 »20,6

OPTF; - NOSPL 4
27.2 9.9 4,1 =43 5,2 WB.F w114 =11,8 ©12,8 =12,7 «15,6 «16,2
CONICAL NOZZLE {Run no = 96 )
EMISSIUN ANCLE (RELATIVL 1€ JLY E£XkAUSY) RCFERENCED T0 NOZILE EXIT
( DLGRELS )
Fat PIF; 14, 20, 4y, 49, B¢, tu, 7y, B0, 90, 100. 110,
KHZ ) . .
2250 [w28,8 20,5 17,7 ©23,5 «24,0 <22,k «22,9 #27,8 «27,4 «23,9 31,5 #26,8
2315 [#2248 16,9 19,7 «20,2 «20,7 19,7 «19,9 #w23,8 «23;7 »21,0 =27.1 «23,7
400 |e29,9 o19,5 15,1 «18,0 19,2 «1B.4 o1l 6 22,1 22,2 »19,8 ~25,4 «22,9
500 [w1E,3  w9,9 @13l 18,0 «16,9 «18,2 +15,0 18,3 18,5 ©17,0 =21,1 «20,1
630 [015,d 07,3 @11,) 13,2 «12,6 =12, «13,u «16.1 18,4 o14,4 17,6 #17,6
800 [#12,7 26,5 8.7 «10,1 #1000 0,8 alu,? «11,5 32,2 oi1.4 =13,7 «14d,8

.00 [o18.3 6.3 6.5 #7,2 e7.5 @),€ w).7 8.6 10,0 a¥,6 =10,5 12,0
.25 wl ’3'5 .Jl’ ‘5_.0 '50’ '!.' -S,? "5.5 .3‘.9 -803 '5-6 .”9

1.60 | #6.d4 0,4 2.2 ®3.2 0df «2,7 2),7 w8.6 7,8 w8 «7,5 ob,2

2.00 | ®5,0 2,9 eq.¥ @l,8 1,3 «l,l 0,0 w5,3 w,4 8,3 7,0 7,1

2.50 | #3458 9.8 §.7 elin wUd Ul 01,8 wded ef,4 6,0 «6,4 é,.8

3.15 343 6,2 1e6 ’090 LLUPSY Vol w8 52,9 '5,2 ©6,2 «6,6 -G;’

4,00 | »340 Gaq4 3.4 0,72 U, U8 oug) w17 e5,2 @7,2 7,2 8,4

5.00 | »2.,86 4,9 3.9 Q.0 U2 1e8 148 U8 @6, =9,2 «8;8 }8,)

6.30 | =344 5.9 3.7 1.2 U5 2,4 1.4 2.7 ©11,9 17,4 «21,.8 14,5

8.00 | @a7,0 4,9 1,6 =90 6,3 N,u eZ,1 «16,4 «19,) 17,0 «16,1 =1,6

10.0 o7& ©0,9 w2.7 7,9 e300 0.0 bt =14, #16,2 *14,9 17,4 18,6

12.4 8,8 w45 3,7 eB,9 wd6 4,2 wit,] =18,1 «18,3 «20,2 «20,8 «38,6

16.0 b, el ,B ed,l o8 el,7 wl,3 e4.0 w11.3 #21,2 «16,8 «19,7 «)4,0

20.0 a7 2,5 2,4 ",5 o2, 8 -‘pe elit,? .‘?’U 22,8 .'7.6 -2‘;3 vi8,0

25.0 oV o6.Y e2,) 2,8 el.) ed.4 elu,) w1b,2 «17,4 =14,8 «22,0 s14,8

35 ol 2 0, 7,3 .0..9 0,6 4,1 2.4 "’..U i5,2 .‘6.9 '2"0 'lﬂ,?

40.0 'u..’ ed,) «8,2 .|” ol 2 w2,2 eb,Y -IU,B e)4,.8 «190,4 oIB,G 010,7

50.0 wig,l| 0,2 13,1 'J_.y 2,0 w8 e «13,3 '|6p3 22,2 '2‘,9 -'-‘0,0

63.0 JetQ,9 85,2 07,2 «10.8 98,6 wt.€ 11,2 w17,2 17,6 18,8 «18,) e26,.)

OPTF; NOSPL; ———
20.Y 4,9 =6,4 =B,1 7.5 w€,§ b, «1y,V =13,3 12,6 "‘.0' 'l"l’
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ot

1/3 OCTAVE NTC (aB) WITH RESPECT TO TRANSMITTED SPL (NTC)

N ] i,
X, M, = 0.4 M. = .16
a4y Yb(‘:‘ \"‘l] ) !
T DAISY LOBE NOZZLE (mun mo= )
[FISSIUN ARGLL (RLLATIVE T8 JLT LXRALST) RLFERENCLD TO ARZZLE 1 X1T
¢ HIGRRLE )
PTFL  ygy 20, 40, 40, "o, tu, 7u, By, 9u, 140, 110,
tREQ
KHZ ,
60| a3,1 14,0 #21,9 25,7 #26,1 «2E,u Yit,d *27.1 2du,) »28,u #24,2 «27,%
L3115 a4 12,1 o18,4 21,3 21,9 w4, wZ7.8 e2d,0 #26,8 =21,9 25,7 «24,6
00| 8,0 €9 @12,4 o119, #19,6 o22,1 @5l b wZl,8 =24,b 20,3 «23,9 23,0
500 fetg 8 Co7 =13.9 15,0 216,3 elboC aib,d iU, 21,1 *18,2 <210 21,8
630 [e10s1  ©8.7 1243 o11,9 #12,7 #18,2 #18,3 10,0 =17,6 «15,8 =17.8 =18,0
T800le12.6 4.6 8.0 ®7,7 eb,7 wil.l el t o12,4 13,4 =12,0 -14,8 «14,9
1,00 | e9,8 @2,9 ed,d4 ed ) 8,0 @€ sHN o485 09,0 el,0 =11,7 «12,3
1.24 0/ 2 1,2 2.1 w7 02,8 @wd S eL,) ©/ 5 7,3 o/ 0 3,8 aju,é
1.60 | 08,4 0,2 1,0  Up? U3 =2,7 4.3 ab,8 «a8,4 «5,9 or N
200 | 4.8  @.3 et 1l 0.4 1.0 w1 3 s3I ede6 edd =56 - ~8,9
2.50 | e3¢t [ IERY Y34 1,9 2.4 et é el.t w3, 3,6 8,4 . 2,0
116 | 207 2.3 1.6 F,0 3.2 Ull 2,3 2,2 3,2 8,8 e7,. -£,4
400 | 2.6 4.3 3.0 4,7 3 aU,S e3.8 1.8 ed,u 27,2 @107 e11,2
6,00 | 3,8 4,9 4.3 a.n Pe7 0249 90,9 wb0,d4 «BE «11,4 “17,2 »19,7
630 | edot 5.5 6.2 532 Ued =€,2 =1i Y =13,2 14,8 13,2 «13,6 14,58
800 | wdoo 3.7 7.8 5.0 1,8 e2,6 w2d,6 «1%9,9 =13,5 «11,5 «12.7 14,3
10.0 1,7 0,2 7.6 5,9 S, 1.4 o8,3 i, 19,2 «15.,4 15,7 «§,4
1.5 w45 1,9 e0.) 1,8 2,9 eiou o1ued =12,4 11t 210,89 «17,2 =12,2
b0 YR 1,8 9,2 «3,0 0,8 3.1 «12.2 15,9 o15,1 «10,9 «16,7 e}i,4
20 Y 1.8 «g.9 =0, Ut 3,3 m1d,8 =1%,8 “jUed 8,1 14,0 'IJ_-O
2680 e8.7 4,8 a.Y eb,n euy? ey =tusu e1,8 8.8 12,9 15,9 11,3
LA 8,2 3,6 2.2 ?'.? Vel ez, € o8 26,5 “12,95 ‘895 16,1 ’lu_t?
W, o 7.8 *Y,2 w74l #lo1 eu t el,) ab,b 4,4 =8,0 =B8,6 16,9 e10,3
W ehol .7 Q.E eUph @lel  Uel =14,8 08,2 =i 1,9 12,4 «18,5 ~21,0
63,0 0.) =5,2 1841 7.0 6,0 3.0 ol 0 ®7.1 »19,4 16,8 «19.3 »19,8
OFTF) - NOSFL -
27.4 10,2 3.5 wd.n «d,0 «7.9 sill =11.6 =12,% 12,4 =156, =1%,9
CONICAL NOZZLE (Run no = % )
LP1SSICN ANGLE (RLLATIVE TC€ JEY EXMAUST) REFEREMCED TO NOZZLE EXIT
t DLGRELE 3
. PTFy Ta. 0. 38, 4u, %o, eu, 0, Bu, 90, 100, 1ti0.
FREQ
Wiz
(| e24.7 €19,4 «16,6 w2253 #22.5 21,7 w21,8 26,4 «26,3 »22,8 37,4 25,3
1] @20.7 15,8 =147 «19,2 =19,t «18,6 =¥ 8 22,6 =24,6 19,9 «26,0 22,7
0] 20,8 o14,5 atd 1 17,8 18,2 «17,3 =17,5 «21,1 «21,2 #18,6 «24,4 »21,4
S| @b 2,2 w€,8 12,0 =14,9 »14,5 =14,1 =14,7 17,2 «17,8 16,0 «29,¢ 18,1
fi0 | w1d,4 6,2 w101 =12,1 »il b ol1,2 =11,9 =14,4 ®1d4,) 13,3 =16,5 o16,6
800 | 41,5 w8,7 «2.9 9,3 «¥,2 «9.u ev,4 «10,7 a1, 10,6 12,9 13,9
100 | ewe? e%.7 85,9 wb.7 7.0 =7,y =71 #B, U =9,d4 =0,0 «10.0 11,4
[ w7¢? =3, 3.2 =80 ed,7 «d,7 4,7 «8,u 8,4 «?,9 =8,1 9,4
160 of,1 @g,2 e2.U «d.) 02,8 92,0 92,9 @5, «7,6 =»6,6 7,3 0
Don | wd,E 3,8 ede? mla w12 el,u e2.u eB.Y 8,4 8,8 &), 0 7.0
o | @38 5.4 8.7 elu) eled 0.1 wl.b ed.d e8,4 6,0 6,4 b,
3.0 «2,2 6,3 te€ =y,n Vet D 8 su,E #2,9 e8,1 eb,1 8,5 «f,)
f, e LR ('] 1.4 0,7 U.? Go€ su ) @1,7 8,2 7,2 7,2 =E,4
L, 00 LY IR d 4.4 1.9 0..7 U,? 1.5 LH u,6 1-6..3 «g,2 8.8 5‘?,3
b A0 | @243 E.@ 4. =01 U6 3,5 7,6 <16 =10,8 «16,3 =2r,7 v18,4
B, 0o ot LY 1,§ ofed =Y,0 =&,2 1ol 9,0 =16, 19,2 =17,7 «16,0 »11,9
[T /.8 ©0,4 e2,) wl.1 3,2 1,2 8,1 »13,9 «15,7 «14,8 »17,0 o18,1
2.8 w8 4,2 3,4 eH,0 4,2 Ut olu,8 «17,3 «17,3 =19,8 «20,5 »12,)
16.0 b ¢ w18 wd,0 ®3,B elet wle? e¥,6 w11, «21,1 «f6,4 219,6 13,9
20.0 W 6 2,4 «2,) 4,0 22,3 4.9 elo,t wi7,6 «1J.7 wi7.4 «24,1 018,8
25.0 U,y wu,d e2,i 2,7 el,v @d,2 etigt =l%1 «17,3 ~14,7 21,8 14,7
RN w7, 82,9 7,0 =0,b eUed =l E e?,5 e7.,5 «14,9 16,68 «23,6 wl?,9
BaLn L4 ed el 0 "_.'a ol @2, skod o1t 6 =143 «(9,2 »tl,q .18,5
L0 wb.y #E,9 e12.8 el b el 3.3 e¥,H «l3. 1 el 1 wi2.0 *21,2 #19,8
6.0 wl2,7 @5,0 7.0 10,0 eB,4 wt,4 =iy,4 17,4 =)? «]B8,6 o10,4 02€,1
opy, B N(P?sl’l' e
22,7 w31 eB 0 w76 e?,1 mteL e?.t alu,y =128 11,8 «13,3 #13,9

..,
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1/3 OCTAVE WTC (dB) WITH RESPECT TO INCIDENT SPL (NTC})

= 0,6 = 0.16
MJ M'I' 0.1
——
DAISY LOBE NOZZLE (Run no = 36 )
LPLISILUN ANLLL (HLLAVIVL 1C JET FXeALSTY RLFEREACLD TO MOZILE £X1Y
¢ NLGRELE )
PTFy 20, 3G, 4y, L' to, Ju, 84, 9u, tube 110,
FREQ
KHZ , .
,250|e22,2 #16,1 =20.8 al?, 1 ein,4 24,6 wid d 024,0 #24,8 «28,3 «25,6
L3150 19,9 13,6 «i8,9 -15 uoe12,3 ¢20,8 wiu Y #21,.9 21,7 =24.8 e23,1
4000e 18,6 12,6 ©17,8 «14,9 o11,2 «16,1 w1l 3 wiual «20,2 23,0 «21,8
500|e1E,€ «10,9 ®17.9 -|4 ? e¥,8 elBhE att,d 17,8 o18,9 919,89 =149
,630]e14,8 «8,3 «15,8 ¢|J,t| 7.0 917,68 o13,3 ol4,8 «16,3 wjb,H «17,5
"B00]eti.y 8,3 e13,0 e1g,y e8¢ -O.l efi 2 012,2 @12.7 13,8 «15,)
1.00 |et0.) =2,8 ety 9,0 ed d ol,u ob,b elUg? 0,9 ={1,7 «13,6
1.26 | ok,7 =¢,8 o042 8,1 al,4 ot,2 7,4 w§e7 @B8,2 wlugd «i),9
1.60 LY 0.9 7, '0” elon .vp? 3T 8,9 ‘Q.! =8,8 "U,’
2.00 | =%,¢ 2.5 e%. »d,7 Uyl wZe® wd,) w7,8 39 07,4 o3
2.50 | =dq 9 J,4 2.9 =2,t 1q#  wyy€ =d,t =le) o0 =b,6 7,2
3.15 | «3,? 3.3 o8 eu,Y ted Uod o3, o8 b, «748 =)ed
h0o | m3ve 3.4 0.9 0¥ M8 G 4.3 e 0 w3 =8,7 oif,!
5.00 | #448 Jal s0.8 0.4 .0 el u eb.h wded -ll.‘! 2,6 <14, 0
6.30 | ©2.7 Il #6083 el w94 «12,3 #13,8 =18,4 «10,9 » 'o.o
R 00 | eGoE @0 246 0,4 6.4 =14,4 =11 b «13.3 17,9 =13,1 =15,1
10,0 2.9 t1.1 12,7 10,1 1o0 6,2 sb,t w{y,8 «14,6 =i1,1 =9, J
12.5 etot 4o 7. 6,0 U3 8,1 a3, 19,7 =24, 7 =174V “id,4
160 | »4,2 2.1 4.3 3,3 e1e7 el,k =ticE a1d,5 »13.4 9,2 e1300
20.0 ab 8 2,8 2,3 =2,1 w63 ell,) w9t w13, =1B8,0 ~13,8 =10,8
25.0 04,1 8.2 §.0 d,0 oUH @l l o558 e1u,9 @l 1 7,7 ub,6
31.5 elit e2.8 5.9 6,10 U6 @l 7 weidgl elvly w7 =9.3 4,0
40.0 et 5 a0,6 648 7,0 3.2 <2, pE J ab,8 «B,7 4,7 2,8
50.0 32,6 *16,0 3.4 5,8 2.9 e0.9 e3,d aB,6 «12,5 =5.9 5,9
63.0 e7.b 13,8 w1 6 2.2 =8,4 =12.9 elded =15,7 23,5 «12.9 =15,4
OP1%4 NOSPL4 ——
22,6 o3,8 oS =85.Y e8.5 =Gy =ll.l «13.0 o12,8 =14,2 =152
CONICAL NOZZLE (RuN No = 108 )
EMISSIUN ANGLE (RLLATLVY 1€ JCT LXBAUST) RLFERENCLD 10 NOZ2ZLE EXIT
( GLGRRLS )
~TE; 18, 24,  J0.  Au,  Sn. tuy 7¢s 88, 90, 100s 110,
FREQ
KHZ .
260 JaRE.y w13.3 =21.8 025,72 =28,4 =26,3 ~Ub.b =340 31,7 =26,1 =28,5 37,9
315 le2d,1 11,5 <180 21, 22 22,9 24,4 w22.0 w20,6 ez?, ~22,8 «25,7 33,4
hon [«22,8 10,5 «16,.9 -|9 6 21,7 23,8 wil,v il v =23,8 21,4 24,3 «31,7
500 [ty ,7 o¥,2 ot1,8 -|5 3 20,0 »22,6 #17,0 w20 P ~20,6 vi8,6 21,8 ¢27,2
630 {e16,8 o7.7 8,0 o1}, Ty «18,5 = 29 € =18,2 =174 w170 =15,8 19,1 «23,6
800 et 3,k «B,7 6,0 -u,u eld,? .|a.a elued w14,1 =13,2 -12 3 -!6 4 +19,6
1.00 {u11,3 3,9 ed, wb,? =11,7 =14, 6 7.3 -||.! ajy,3 «9,8 -|3 9 e]6,1
1.24 wy,2 2,8 2,0 e4,7 9,3 -Il.7 04,9 wl,6 8,4 -7.8 =11, B a13,.1
60 | 7.3 w@.9 egs? o2 4 5,7 eS,1 =33 w6yl s7.4 6,7 »9,9 e10,4
sno | o872 &7 8.8 ¢ A et 9 2,1 3,7 w=8,3 =6, -e 0 8,1
a0 | ea ? 1.3 1?0 9 a€,2 sl U 2,2 =d,9 #8,3 «0,9 7,3
3.0 | =40 @7 dt 1.0 =fel wtyd a0 wl,) e4,4 =8,3 6, 'o 8,4
hooo | @4,8 Q8 2.5 Ugo 2.8 4,4 G5 03,2 =d,8 7,8 -9.5 *13,2
4. 00 ©4,4 0.9 2.6 l_.’ sl ol ,% Ueb “ 4 -5,9 "l‘pa "3 ] .‘! H
00 | eBeg #308 1.3 elp? elel =03 0.8 w6,2 @11,0 012,89 e21, .8 -ao 4
8.00 .G.’ YN e2.0 “'” '3.3 0_.' LYY “‘.3 ‘l?pe "‘.a "‘ 3 .].
10.0 ab.¥ e7.4 ed, 8 =82 wlB 1,4 ed.d o12,3 e10,6 »14,8 -|9,3 e2d, e
12.4 e5.6 5,9 P01 8,2 3,8 4L edY -n_.? =13,6 16,2 *21,1 -20 2
16.0 eY.d 8,9 5,7 e, 2 4,3 el, "8 ea,2 #13,6 -14.9 16,3 -23 ’ -22,
20.0 04 o7, =3.2 3,9 el ! -b.f o7,8 oIO.U e16,) =18,2 31,8 22,7
5.0 02.2 3,7 3.0 1,2 B8 E,E e3.9 U7 8,6 =13,9 -20,1 .17, it
3.5 08,4 14,9 et el 1ol 2,1 o4 1 w?.9 «)0,8 wl7,l »29,a -24 §
h0, 0 oli b o13,5 10, 6,1 ), 8 1,8 o85,9 il B «13,0 19,8 28,6 -29,0
50.0 a1 o13.9 =16,7 B3 =ub 0.7 =12, 18,7 *10,7 21,9 »30,7 28,8
1.0 03,2 o7.0 =7,8 =b.H o3 €. 4 ol 4 21,0 17,8 =20.9 =26, 7 =26.8
OPTF; == NOSPL; —te
21,7 6.2 8,8 @l.3 eBed el,u 7.9 e11,7 =13,2 12,7 «1€6,0 .17.86
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.2 1§ 1/3 OCTAVE NTC (dB) WITH RESPECT i0 TRANSMITTED SPL (NIC,)
ORICGINAL PAGE 18 e e o
OF I'OUR QUALITY My = 26 m =0

DAISY LOBE NOZZLE (Run ne= 3)

EPISSICA AnLLE (RLLATIVE Y€ SEY LERALSTY RLEERLACLD TC NCZZLE FX)Y
C LGRELS )

PTFy 2e, W, M. %y, tu, T, By, uy  tuo, 11y,
FREQ
KH2 .
2A0)021,€ 216,85 00,2 «1h,8 @13, H epf,y wid, b wzd,y *23,4 ©27,7 «25,0
3hlety,2 v13,0 ©18,) 015,72 ®11,7 04,2 wii, 4 PeULY #2),) w24, 22,0
00 lat¥ g o12,0 17,2 14,2 @10,8 v1B,4 otl,7? w1b,4 »19,¢ 22,4 w21,2
2200 ety w¥.B #16.4 «1),0 oH,§ ol12.,5 18,7 16,9 *12,9 «19,3 16,2
630 13,6 »?,7 i 2 2,14 .7." oléot =12,2 l'd,’ 'lﬁ,’ =]0,2 16,49
800 Jut1,7 4,6 12,4 *1U, S @85,0 ab,8 eyt elf.6 212,10 =13,1 14,7

1,00 oH,d 2,1 w19, *B,Y ed,l et,8 7,0 “lugl ®9.2 o1, #12,9
1.25 | wbol «9,2 8.6 w7.h <2,P oot w0 M ab,l 2,6 =9,4 eff,4
160 | eted 1,5 7,1 eb.L et,d ed.E eE.p 8ol e6,2 eH,7 ety,)
2.00 o8, 2.9 eb,2 ",J el «2,8 eJ,4 7,2 «§,5 =7,0 ~l,9
2.50 | o3, 3,6 2.8 02,0 2,0 ey.d *reY oh,9 a8,q 6,4 e7.u
305 1 @302 3.4 8.7 e0,v 1,3 g0 e7.¥ eh.] al,d4 7,0 7.3
W, 00 *3,4 3,8 1,0 1,0 1,9 004 4,7 @?,u «7,2 e4,6 iU
.00 | 93,8 3,3 e9.€ 00 I3 et b w8, “8.1 @11,) 12,4 wta,4q
6.30 | e¢,8 4.3 el,8 4,2 eyl of,2 mif,i 12,4 «1d4,2 9,7 4,4
R 00 .t,3 Q.4 2.9 1,7 6,5 ojd, | «i],1 13,y =17,2 «12,7 ~14,8
10.0 .0 13,1 14,8 12,2 Je# 27,1 ea.8 8,4 «12,5 o9,y 7,2
12.5 -, 4,4 ol €.n Uel @?,¢ =13,4 o}4,4 .20’3 16,7 =14,1
16.0 *3ed 3.6 B.2 0.0 eUH w9 ~lu,? *12,5 «12,56 «8,3 w12,y
20.0 skt 2,1 e2,! “lef eb,t 216, oy, «12,.9 “17.8 13,3 10,4
25 .Y, b 8,2 Tl 341 a3 2,3 ob,4 =lu,4 9,8 »7,2 6,1
L S8 21,2 6.7 7,2 1,4 «2.5 e1,3 9.2 7,8 =4,85 3.2
Lua .4 5,6 7.7 u,3 4.3 =1,% e4,4 «4,) 7.6 =3,6 «}.6
w0 =¢.1 =7,2 8.6 8, S,.¢ 164 o1,2 «6,4 @10,] 3.6 «3,7
L L ofet o033 el 2.7 08,9 01l o1708 1512 w2209 e12.4 o148
OFTEY - NoSFL,
2248 =2,2 ef.1 @D ) wd,5 8.4 *lUed o113, 1 «12,2 13,6 «14,6 1
———— T —— —
CONTCAL NOZZLE (Run no = 108)
LFISSICN anCLE (RULATAN: 1€ JET EXPAUST) KLFERLNCED T0 NCZZLE EXI- {
C DICRELS )
(23 AN 14, 20. Jo. 4y, ta, tu, 20, Bu, 90, 100, 110,
FREC
KHZ

CSV1e240E 0113 e1g.? e23,) @2344 24,2 wid, 4 wzH.8 ©29.7 +24,0 «26,4 38,8
316192207 @ 10,1 2164C o10en Qi 8 e2lby g o2 =2h.2 «28,8 «21,4 «24,3 »32,0 .
N0 tedt B 8.5 416,10 “18,7 =2u8 e22.¢ Yol @Za,1 24,5 ©2U,% «231,3 30,8 J
SG00TeVE LS w4 el ,u 14,5 #19,2 ep2. ) =1€,7 «Z0,0 ©19,8 17,8 =21.0 26,4
b0 [@1E.d 7.t eB, ) ol1,d »t8,0 =22, ®13,7 «16.8 ©16,4 15,3 «18,5 »28,1
BO01013,6 05,5 48,8 «8,0 014.5 elB.y ely t =13,9 «13,0 «12,1 «16,2 19,4
00 Jet1, 2 eT B a4,5 “b,b etl,6 *14,8 e2,) o11,1 =}0,2 «9,4 «13,8 *16,0 ¥
i oy, 2,3 e2.% “4,06 9,7 oll € 4.8 -f, 8 8,3 7,85 11,7 °|!P°

60 e7.) 0, U eg,6 21 26,7 e,y w3, *6,U #7.3 6,7 9,9 ~)0,.4
SN =? € ¢,8 Qs “0e1 24,3 b, B o3,y 3,2 6,3 =6,1 =8,0 8.1

S
Cona wd, € 1.3 1R Ul 07 ot *leu 02,2 4,8 05,3 =6,9 -7'3
K ed, 0 9.8 1.2 1al 2,9 wt,3 Lot ol,7 ed,4 5,2 *8,9 8,4
AL ®d4,5 o@,8 2.9 N8 e2,0  o4,4 veb ®3,2 eq,8 7.8 9,5 -l!,z
N 04,3 «g§,8 2.6 1ed ou, B wl,® Lot wd.4 8.8 w1, .|3!’ 'le,z
£ eld,y w3 27 1o 6 20y e,k =Geu e ob,9 ®11,0 «12,6 ©21,3 -20,1
2 e mlet 7,1 82,0 =d.7 ed,? 0o oL, B o)t =12,5 =11,8 -14,3 -l!;o
3

o sbel e2.3 w37 ebn a7 1,5 .q.3 *12,2 1,4 14,4 o162 *24,5
[N o8, «£,6 ol b '7p° o, 0 4,2 3,1 ®13,.4 ‘13'2 *15,8 “20,7 -‘9,3
16,0 *Y.v 8,8 af,7 ‘B,’ 4,3 =1,8 4,2 *13,6 ®14,8 »16,2 °23,? -22,.0
20.0 “ub WP lE edet w3y et “Us7 02,7 219,50 16,3 o18,| «31,6 °22,? :
S0 L L3 I et |,] 5-5 Eo’ eJd.8 slu,? ‘ens 13,9 '20;0 .”;7
31,5 ol e1d,80 e, 1.0 1,9 302 oY, PR 0,4 v17,0 «29,3 v24,y N
ho o CHE 13,5 216,2 eb,1 W34 1e8  «b.8 o11,8 «13,8 wyy,8 “2b,6 =2¢,0
WL =bav o130 w1y, wH, D ey, Uo7 =12,5 o186 «)8,6 21,8 *30,6 «28,7
nin 8.l eU,Y W2,4 et,n 7.4 €od =11 47 w20 P =12,6 v2U,7 «26,8 o26.%

— NOSPL, -—

O R .

22t sE.a e 0 whl 27,7 wt,d o7, SlULD ©12,4 w12,0 15,2 «1¢.8
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC)

= 0, 0.16
M= 08 M=

DAISY LOBE NOZZLE (Run no = 5% )

PMISEION ANGLL (RLLATIVE 1€ JCY EXFALYY) ALFEREACLD YO FCZ2LE EX)Y
( DLURELE )

PTF; 2, 30, 40, 66, €0, Ju, Hu, Gu, 100, 110,
FREQ
KHZ .
(250002808 010,90 «17,) a21,4 #28,8 o|,7 afu,0 57,0 «30,6 «33,8 «§¢,2
L3I61023,0 18,4 b U @19, 22,0 18,6 W2t,3 €542 27,1 30,0 27,2
40082048 14,8 e1bo2 17,9 20,7 «1?,6 w2d,] 42,7 «28,7 «28,4 #28,8
500 (018,27 «12,1 018,27 o1t 017,7 ol8,? wiv,d viU,l 222,08 24,9 «23,)
630[09763 li 0 01340 014,4 «14,2 212, @it ¥ 17,3 «19,8 21,8 «2¢,7
LA00 013,68 #%,9 elQed i) 0 Plued 6,3 ®17,9 12,0 «18,0 »168,4 «17,0
00 [otged 02,6 7,7 @B,) 6,0 ob,2 b, 8,0 «§2,0 «15,3 13,8
26 ol,6 Q0,4 o ,.0 -6,51 ed 2 .:-t ot,9Y “E,’ -IO,G .‘2.9 .H'.e

1

1

1,60 | #0643 .6 .,50. eh,? e2,0 2,1 ed,b ed,6 08,7 41,0 -N,?

2.00 | »85,¢ 1,8 o980 0,5 eUsd @l d 3,0 od,5 e7,8 #9,6 =10,

2.50 | #84% 1,1 8,7 @72 U0 el I et oBi,d 7,8 0,0 «ii,)

1.1 | w8,8 e@,6 @g.9 @0,7 Uyl el B ey,8 b, 8,2 9,0 13,4

L00 | ®3e2 #1472 eta? U Mol Ue?  te #3,6 «8,9 =B, #13,9

5.00 0d6 7,4 0.2 l’_ Ued ©2,2 Q,u '°i, o1d,4 ={2,) «20,5

6.30 | ®3¢3 8,3 2.9 6,n 1,2 7,8 o, 7.5 o]3,1 =10,8 »14,2

8.00 | ®ded 0,7 4,8  J.b edy) ol), 9 ai1, 3 7,3 013,86 wld.i 10,3

10.0 ol,y 4,7 2.7 0,7 ob,8 8,7 ®1),u «JU,y 14,1 =20,7 «12,4

12.6 W, 7.9 el 8 Us? 3,4 wB,6 ®12,0 o16,2 18,1 =25,0 18,6

16.0 evel o¥,3 00,6 w04 7,0 14,3 =13, 6 «13,6 «13,0 =21,1 «18,0

20.0 [o14.8 010,7 od 6 92,0 09,7 17,7 4,0 =11,9 17,0 19,0 «27,0

25.0 oy ¢ '8.6 o7l '3..‘ .61’ "?_a. eslu,l 4,4 efy,( =14,2 22,1

.5 ol.8 1G9 ed,8 =39 7,8 =)t 1 «4,9 wd,8 b,y »12,) #11,8

40.0 |e1d4,9 18,3 8,7 8,3 212,65 17,7 «1d,2 13,6 «16,2 «21,6 »23,8

50.0 [@17.8 16,8 9.3 @i, 1 «14,3 12,1 ®1),0 »19,2 02],7 «23,1 24,8

63.0 13,7 —l5.o 07,3 w8 0 «lu,? w(,8 =18,5 «12,8 ""56 21,6 =32,1

OPTF; NOSPL ;
21,8 06,8 o758 7.2 7,6 8,6 =l u =11,7 14,7 =16,9 =17,%
= — |
CONICAL NOZZLE (Run No = 112)
EMISSIUN ANGLL (RLLATIVL 1€ JUT tXRAUNT) RLFCRENCED TO NOZ2LE FX)Y
\ DEGRELS )

ato PTF; 20, 0, 4y, Bu, tu, Pu, By, 90, 100, 110,
KHZ .

2260 028 ,0 012,7 «19,€ 22,7 #22,7 o24,u «3u,7 32,8 =35,8 «d1,8 40,7

315 |22, 10,5 15,8 «18,h 219,3 e2i,u @it 028, «30,4 «35,9 «35,.9

400 w2047 @9.9 o1ded 17,3 #17,9 «16,7 #24,5 26,9 78,7 =34,0 =338

500 [@87 B e7,9 10 5 o13,6 a1d,6 o1l b @Z(,0 52,4 ©22,7 ®27,0 =27,9 ¢

630 [095,1 w7,2 7.5 10,0 =18 214,22 «17,4 «19,1 «i0,1 «23,1 24,3

LB00 (12,8 ©3,6 ed.d @2,0 8,7 e11.5 w13, »15,5 ©18,5 »19,3 =20,8 !
1,00 | @942 e1e3 o242 o3,8 85,7 8,6 oit,1 «11,9 =}2,0 «15,6 «16,8

1.5 | B8 0.2 0,3 »l.1 3.2 «f,§ w),u 8,9 »12,4 «13,6 k
160 | et 07  1eU  Oa1 elod 3,8 4,8 «6,3 9.8 11,0 !
2.00 | #3.8 1.7 1.8 Q.8 eUgl wi € 7.9 od,% =0,0 =9,3

2.50 2.8 2.9 2.9 ‘,9 U8 -U'.l .ge0 3,0 =7,4 -ap’

3.15 2.3 241 3.9 Jad 1e4 0,6 »3.4 od,l =8,3 «9,9

L, 00 3.2 1,2 3.8 2.2 20,8 Uod =43 a8,4 12,1 «14,6

4,00 o4, =2,.5 2.4 1,8 o108 el,7 2,8 8,7 =13, »22,3

6.30 | ed @ 8,4 el 1, 0,3 wl I el.¥ 10,3 »19;8 =12,6

8.00 ed,8 8.7 3,2 U,b 2.6 0,3 ed,¥ v12,9 '9_09 ®1d,9 219,0
10.0 | o8, @2,5 4,3 =0,2 4,0 «d,2 oU,8 ©14,8 =14,8 =26,2 =1§,2 |
1.0 | 8,3 8,8 «8,8 2,0 2,9 e7,1 sb.8 w1u,9 =12,4 =29,7 =18,9 |
16.0 8.8 o11,d 7,0 0,3 2,8 0,2 =lu.u «19,8 #20,0 23,1 «24,2
20.0 el,l oY, 6 o7, '3}’ Ve9 olod wit,) »19,7 =2(,6 22,8 '24_.,
25.0 2,8 4,6 3,0 -0’“ sed .4 o11,d ejd,u =17,8 23,7 -2i'2
3.5 o/, 8 »8,) ), 0 Upt o) 3 .4 sl o110 »16,0 »28,8 =29,4
4o.0 elg,6 «14,3 5,0 -?_.7 o34 «),5 =i, elb,u -l’_.U 28,7 24,1 .
60.0 |o16,7 19,0 @11,6 8,4 oH,B 12,4 215,27 21,2 «22,) «37,4 =29,2 s
63.0 [o'g.€ 10,3 o?,0 «2,6 od 4 oll,u wlf .t 20,9 «19,7 «23,3 «31,9

OPTF; = NOSPL ¢

23,3 w47 a2 4,6 e84l w?,€ eligd =118 w12, =16,7? 18,2

2118




1/3 OCTAVE NIC (a@B) WITH RESPLCT 10 TRANSMITIED SPL (NTC,)

- 0.8 = 0.16
M, My
9 i_ DAI_.Y LOBI NOUL[ (Rul %O 5 )
‘\t;‘\\- 'y ‘I _ —
0\1\“‘ ) ' (HISSTON ANGLL C(RLLATIVE 16 JLT LXkALET) ALFEREACED 10 NOZ22LE €X1Y
OF VL ¢ BEGREEE )
Py 2, M. 40, By, ta, 7w, WU, S0, 100, Y1u,
FREQ
KH2
2t [edd .4 o1l 0 o)l g0, 1 824,06 =20,% wibod 26,6 =29,) =32,2 20,0
L315 021,80 14,2 ~14,9 -17,~ 21l #i?,7 wib,d w23.1 =26, «20,R «w26,0
W00 jwdgob o134 w1d.l alb n w1t 6 el6.8 Wil b =21,7 =24,6 «27,3 e24,8
60 |etB,€ ot 1 @13,6 -n,n 16,7 old, i o162 w19.0 21,9 #23,9 v22,)
610 o104 9,0 a12,8 13,0 @133 el b wib, al6,4 «18,6 20,6 =198
Bunletg b e8,1 wd,6 -|0' o9 ,8 8,5 ®17,1 of).0 #15,1 @17,6 '\ﬁ.k’
1,00 9.8 el,8 ef.9 -7’0 cf,l of .4 b,?7 eof,u «i2,] 14,8 o1 3,1
126 | 82,2 €. wae2 eb.b @3t el et obo8  #9,5 12,2 =10,9
1.60 8,7 1,2 ed,h w0 el.d wlet  *J3e9 wdy) 8,1 =10,.4 ny,0
2.00 L1 | 1o 9.4 @bl eUd wi,l #2.8 04, ®7,6 8,4 =9,8
260 | o84 bot eBe? ®7,1  Ue) el 3 of,6 ob,d 7,7 =0,0 =ii,2
EP A .e.ﬂ 00.5 P ] '6'7 Ved -l ela? o0,d 'a.? ‘5.9 'lJ.J
I, 00 al,? ei,6 1.7 0,1 fol 4,8 Ueb 03,6 8,0 aB,8 13,9
can | 24,3 7,0 0.6 J.0 U8 el b s2,6 0,3 ©1d,0 =11,9 eV.2
6,10 | o101 3,0 8.1 8,2 3,8 of,) 8,7 8,3 210,90 «8,6 13,9
8.00 3.t Q! &,0 ‘,4 '3|! eli,l .“"b "0.‘ .|2la "3'3 -9;5
10 0 o, 0 =d, € 2.8 l)’ﬂ wb,? wll oyt ®ld,H "9 ¢ «14,0 20,8 »12,3
12.6 at,e ’7.8 “n’ °r" .303 «l,% '.'o” .‘B 1 =18, .2‘.9 "a.,
1.0 ey.d *Y.2 0,5 w0, 7,8 «14.2 =13% 213,85 =12,0 »20.9 =17.9
o0 |etg.s e1@.8 4.6 2,0 0,0 12,7 o¥at o11,9 #16,8 »19,0 =26, 9
2u0 ey, 4 ®8,5 eb,9 #),1 6,1 wlle§ otu,t 4.2 «9,6 v14,0 l?i 9
LRI el ©1Q,5 4,5 «3.b o7 1 e10,F ed,h 08,4 5,06 11,9 =i}, d
W) latd B o18,2 «8,C 8,2 =13,8 17,6 w1d,1 =13, =16,1 =21,8 23,4
e n w1747 w1€,7 9,2 =11, 14,1 -|.,u 210,84 19,1 «21,6 «22,9 -24,0
Wi ald, 6 o4, 8 o7,b o8, 4 =1u,9 »18,4 15,3 12,7 »19,8 «21,8 w319
OPTF NOSPLy
22,1 w87 e.b wbL3 6.8 7.t vl elU,8 =13,9 16,1 =18,86
% J
CONICAL NOZZLE (Run No =112)
EF1891CN anblLl (RLLATEVE 10 JET EXBALIT) RALFERENCED TO NOZYLE EXIT
{ DEGREES )
L |
. PTF, 2e. 34, 40, 90, 9. v, 80s S0, 100, 110, ]
vED
NS
v fa2t k@95 c1€,4 1905 219,85 220,k vi?,B «29,.6 32,3 =38,6 a37,%
0 a2 8 ey@ o1d.) <1752 @178 o1§.4 v5d,9 «26,9 28,8 +34,4 #34,0
le2gal e9.r 13,7 «16,6 217,3 «1§,u 9id 2 «20,2 =28,y =33,4 »33,1
Lo let} Y ef,d 1@t =10 wid, ) «1€,3 “20,} 43‘ 9 =22,2 '26,5 «2),4 E
f30le16u) €7.8 7.2 =10,4 atl,6 eld,u =17,2 0\6 9 #18,8 22,9 =224,1 '
200 lath,§ w3, 6 eded ob,Y 08,7 ell 4 13,0 215,4 ©18,4 19,2 «20,% N
100 eyl @1, ! 2.1 el 8 -5,(: al,8 s1C.l =11,9 w119 «15,6 =16, 5
[N 1O 0.2 s8.Y ol.1 3.2 <%.5 2. *8,7 =8,6 12,4 -|3,0 ]
1w | e84y ) 1et 0,1 =1,3 =3,¢ ed,5 00,0 =6,) *9.8 11,0 |
20 | o3k 1.7 1.8 U8 wugt el,¢ 07,9 o4,0 «4,8 «B,0 9,2
20 | wa b 2.9 2.5 1.9 U0 su.l 02,0 03,1 3,8 7,4 8,2
115 ) 2,3 2.1 4,0 3,3 1,4 f,u vde.d 23,1 «d4,1 w8,3 «9,8
o ®Y.2 1,2 h Y 2,2 wii 8 V.4 ®4,3 v3.,8 «8.4 e12,1 =14, 6
a0 | ed 6 e 5 2.¢ LW o168 17 2.8 1,0 «8,7 «13,8 .22,)
6.30 | 2d.% +8.8 =0,6 1,6 Uel olaL wi,d 4,3 #10,0 *18,5 =17,3
R.00 | 8,8 ®hot o34l 4.0 2,7 U 3 4,8 =12.8 6.9 «14,9 =18,9
10,0 w0d, 5 el .t el.9 0,2 4.3 W3 b ev,) w1d,4 =14,2 25,8 «i8,8
12.5 ed,§ 8,5 8,1 2,4 3,8 €. b ob.2 *10,5 =12,1 *20.4 »18.0
16.0 o8.5 o111, 7,0 D,J 2.0 Cod 9,5 ©19, 5 220,00 =23,0 =24,1
200 eli.] e¥,8 o7,u =2, 10 =t =it u «10,8 20,7 222,.4 =24.6
25.0 o/.8 8,6 3.0 0,4 el 2 wl,2 ®i1,3 wld,u wl7e7 =23,6 =21,1
3.5 e7.8 wB.3 ©3o0 0.1 =1,3 7.3 eb.u ell, b 18,0 ©28,7 29,3
4.0 Jetq,6 o14,2 8.4 2,7 o33 7.t ell,l elb, U o18,9 w20,7? =24,0
0.0 letGL.6 19,8 ot bt 8,1 o9,F o1, 3 ~1b.1 «21,2 «22,3 «37,3 =29.2 T
63.0 .'-..9 19,7 8,9 «?. 8,3 olt, % w3, q egy,B «19,6 °23,2 w3l 8 “
ORI, ..o ————— L S
4a.0 4.0 =3 b ed.h ed,d eb.5 Y.L =110 o114 =16,U «17.8

219
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1/3 OCTAVE NTC (dB) WI7H RESPECT TO INCIDENT SPL (NTC,)
M= 12 My = 016

J

DAISY LOBE NOZZLE (Run No = 56 )

LM1SSION ANGLE (RLLATIVE 10 JET EXPALST) RLFERENCED TO NOZZLE EX1Y

DEGREES )
PTF| 3¢, 40, %0, 6u, 0,
FREQ
KHZ
(2501 824,01 29,2 »29,3 «27,4 =18,6 <15,
,315] w26 ,0 23,9 «2d4.4 23,0 16,1 -II.O
500|098 «22,3 22,4 -3?,9 'IS.U lU,6
500[»00,0 «14,0 015,9 o17,3 212,8 «7,1
630]w12.9 o149 e12,0 -13,9 o103 «3,.9
800| *9.3 ©7.2 8.2 10" 0,6 =U,d
1,00 | 8,2 3.3 edot o0 2,6 3,6
126 | =123 0.1 e.b 2.1 du 7.8
1.€0 2.6 2.9 2.5 1.2 4.0 11,2
2.00 1,7 1,6 1,7 1,0 3.4 Hi,l
2.50 2.4 0,86 1,7 1,8 3.8 12,y
3.15 g-g "-g .1 i.—g 3-: :g-: DATA FOR
4.00 . 4, [ ) . .
coo | ®.a eloe e0.9 7.3 8.6 e’s REMAINING ANGLES NOT ANALYZED
6.30 6.8 29,3 2.8 2,7 1,3 18,1 DUE TO JET NOISE CONTAMINATION
8.00 4,8 8,1 a@.8 1,8 b4 1%,7
10.0 a2.6 s13,1 6.1 2,3 o7 7,8
12.5 ed 6 a12,9 7.4 ed,1 el 8 4,9
16.0 et.4 »14,8 7,4 1.4 1,4 9.8
20.0 |=12,2 23,4 «15,1 =9,.5 ei8,1 «l,9
25.0 ¥ 2 »16,6 =9.8 =5,3 «12,8 2.7
31.5 [=12.8 #13,5 «12.2 «10,3 012,00 3,7
50,0 |e13.8 ¢14,8 13,0 «B,8 <R E of,
50.0 [»12.7 12,5 «11,9 «tQ,) =14,4 «l,€
53.0 Je14.4 215,95 «13.3 «10,9 =tu.b 8,1
OPTF; NOSPL{
27,8 =941 8.0 eb.1 8,4 4.6
CONICAL NOZZLE (RuN nNo =115)
LMISSION ANGLE CRLLATIVE 1€ JET EXPAUST) REFERENCED 10 NOZ22LE EXIY
( DEGREES )
pTF, 3¢, 40, B0, 60, 70,
FREQ
KHZ
.250 |w26,7 18,4 «i9,3 «26,4 «du,5 «d4,y
315 [23,9 12,8 «16,6 -22, ®33,0 «36,08
400 [622.7 11,7 «19,4 «20,8 <31 34,9
500 24,4 =9.4 OIJ.Q -lﬁ 8 w21,9 28,6
630 w17,4 7,9 «10.7 -n,v 12,6 v21,3
800 fatd, 1 wd,B 7.8 e9,5 12,4 16,7
1,00 [w11,1 w2,8 od,? -5,7 8,3 12,6
1,25 | «8,8 of,9 2.2 w2,4 4,8 o8,E
1.60 | 6,2 ®g,2 whel 0,8 elob o8,2
2.00 | w46 =1,5 1,2 2,4 U e2,1
2.50 | mde0 w3,6 1.2 2,9 U9 0.4
305 | 84,3 8,6 8.6 1,5 1.0 1,9
b4.00 -g.e 3.7 el.0  G,7 3.8 2,8 DATA FOR
5,00 | 341 4,8 e@.9 2,0 o 17 THEREMAINING ANGLES NOT ANALYZED
6.30 | wbe1 w6,9 7,3 edio Il #2,8 DUE TG JET NOISE CONTAMINATION
B.0D | #8.7 7,8 e8,4 w8 1 U7 il
10.0 w7 -2,5 whaef @l,b wUgt 7.6
12,0 | #8,7 1,3 1.0 1,4 el,8 3
16.0 7. -3.0 02,7 Q¥ eU,8 =ll,!
20,0 | #2431 8,6 8.0 1,6 3,8 12,8
25.0 | ®3,2 w36 4.1 6,6 1,0 b8
3.5 | #6,3 2.4 Q.7 3.0 e, 6 13,8
40.0 ©7.2 4,5 9.8 0,2 -4.6 ot 8
50.0 of,u 02,4 1,7 2,6 w?2,0 =8,1
63.0 0ot wd,6 wd,| 2,6 3,1 w8,§
OPTF; == NOSPL — -
2201 ®Geg =87 «4,0 B0 wl,f
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1/3 OCTAVE NTC (daB) WITH RESPECT T0 TRANSMITTED' SPL (NTC,)

PAGE IS M =12 M= 0.16
PRUR “‘-"“ J v
DAISY LOBE NO7ZLE (RuN Noe= 56)
LMISSION ANLLE (RELATIVL 10 JCY LXFAUST) RLFLRENCELD TO NOZZLE EXIY
( DLGRELE )
PTFy  3e, 40, 50, 60, 20,
FREQ
KHZ . )
,250| «23,4 #268,5 =28,6 26,7 17,8 eld 4
1315 | 02404 +23,3 23,7 *23,0 =18,8 <11,
(00| @893 021,8 22,2 «21,7 ©14,3 =i0.1
500 618,98 14,4 oth,d4 016,48 »12,2 at 8
630| @12.4 v19,4 =18.d4 =134 9,8 =34
.B00| wB.t 96,7 7.7 "s? wb 0,2
100 | 4o =2.8 =3.8 e85.4 2.0 4.8
125 | e 8 4,6 0.0 =lab 1,8 8.4
1.60 2.8 3.8 3.0 Ly 4,6 11,7
2.00 1.9 1.9 2.0 1,3 3.6 113
2.50 2.4 4,8 1.8 1,8 3,5 12,0
3.15 1.4 =i, 1.0 2,5 3,3 13,1
.00 £.7 «4,3 1,1 49y 4.7 6.
5.00 B0 w9.6 =@.7 7,5 5.9 15,1
6.30 4% W¥.2 of.7 2,8 el 2 18,2 DATA FOR
8.00 409 eB,0 «0.7 2,0 8,3 1%,8 THEREMAINING ANGLES NOT ANALYZED
10.0 2.4 «12.9 o6.C =2,1 oU6 7,7 DUE TO JET NOISE CONTAMINATION
12.5 4,8 o1t,Y 7.3 .‘..| el 4 ‘..9
16.0 mf d otd 8 7.3 1,0 el 3 9.9
20.0 12,2 »23,4 «15,1 «9,5 =18, =l.&
25.0 e, 16,5 5.8 8,3 «12,8 2,3
31.5 lel2,4 s11,5 12,2 «10,2 =12,0 «0,8
40.0 |et3.8 14,7 =13,0 8,8 8,5 oL,H
50.0 812,66 12,4 «11,8 «10,0 14,3 al,
63.0 |e1d.¢ 15,5 «13,2 =10,Y =10,6 5,0
OPTFy  cemm NOSPL, —
26,3 =B.7 7.8 =§.6 8,0 8.0
— —'—‘_‘—W
CONICAL NOZZLE (RUN NoO =115)
¢MISSIUN ANGLE (RCLATIVE 10 JET EXPAUST) RLFERENCED TO NOZZLE EX1Y
( DEGREEE )
PTFy  3a, 40, %0, ¢0. Vo,
FREQ
KHZ N
250 |w23,8 12,5 «16,4 =23,4 37,8 vdl,u
315 [022,7 o11.6 =18, 20,5 «31,8 «35,8
Li00 1e22,3 s11,.3 ot%,0 «20,4 «30,7 @340
400 letg.7 wB.1 «12,9 16,5 «21,6 #28,3
610 -'7_.3 6.9 =»14.8 -13..8 al?,.8 -'Jl‘.ﬂ
800 |e1d,0 ©4.%5 7,8 9,5 12,4 »1€,7
1.00 (@t ) »2,4 o4, -5’7 8,3 «13,6
1.25 | e¥.5 00,9 w2,2 =2,4 ed,8 =88
1,60 | ©6,2 =942 8.1 0,9 «l,0 oF,2
2.00 | w46 1,8 1.2 g,a 0.1 «2,1
7.50 | ed,0 3,6 1,2 29 00 G4 DATA FOR
Y 03
2 oo _;:g :g:g :13 ",'f’, ;:; ;’: THEREMAINING ANGLES NOT ANALYZED
Lo | @3 1 ed, 8«09 9‘;0 4, ] DUE TO JET NOISE CONTAMINATION
640 | o8, 6,6 7.1 «2,7 3.3 2,3
200 | eb.7 ©7.7 «B.1 w8,1 0,7 9.1
10.0 @7, «2,3 1.0 wi b 0.0 7.6
12, | e8.2 w1,2 1.1 1,0 el? 6,2
16.0 | 2,9 3,0 «2.0 0,8 U8 ell,y
70,0 7.3 2.5 e8.6 1a6 o347 12,5
25,0 | o341 3.5 4.t 6,0 el 8 oC,?
3y 6,2 «2,) 0.0 3,' o b o1d,d
40.0 w71 e4,48 w7 .q..? ud 6 of,8
50.0 wE .U e2,3 el d 2,0 w19 eB.v
63.0 | @6,8 44,5 w=d,0 w2, 4 3,72 eB,¥
o, - NOSPLy oo
227 5.4 eB.1 4.3 8,4 8,2

221
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1/3 OCTAVE NTC (dB) WITH RESPECT T0 INCIDENT SPL (NTC})

M= a

MT = 0.24

DAISY LOBE NOZZLE (Run No = 38 )

LM1SSI0N ANGLE (PYLAVIVE 10

( DEGRLES )

JCY FXRAUST) RLFFRENCED YO NOZZLE EXY

PTFi J.o 40- bot GU. 7“; t“. 90. '00’. “0.
FREQ
KHZ s .
T250|e21.7 022.1 #2546 w24,1 =19,8 21,7 =l¥,0 218,90 #23,0 =19,9
315w 1v.8 ¢20,8 22,2 €207 @17,3 olE b 00,8 =14,8 #20,3 =14,
Th00(®174Y 19,8 2048 ci9,d =16,2 «17,% 15,7 =13,2 «19,0 «13,2
500|084 17,2 alb H e1a,9 13,8 eldeu =13,3 wfl,d 16,8 =43
630]@12,6 ©14,8 «13,2 11,3 =11,0 «10,2 alp,8 «8,9 13,6 «8,%
.800]* ", 12,8 wlQed ’ajo oB,6 wB,% ”’.9 6,6 LTS ] 6,8
1.00 wt,? '9-6_ «b,6 '7_-3 0,9 wb,b eb,2 "s,‘ '7;9 8,0
1.25 7,4 7,3 7.3 @b,1 8% af,d wd,d 838 e8,8 «8,0
1.60 | 98,2 ed;8 ed ) =d,5 ed 1 =d4,4 3,0 eJil =3,0 #4,9
2.00 ok 1 02,V ed,l ed,? 03,7 @37 ¢! -u:,‘ ol,7 b2
2.50 wd, b eb,/ 2.7 -J,? 02,5 w2, b 03,3 93,6 w12 9.7
3,15 «3 .0 1,9 eted =1, elleb wi |l =dql ed,) =u.8 5,9
4.00 .d 2 2.5 .d'E ‘l’b el 8 wt,v eh 8 90,4 .|.9 v7:8
500 | wEed 1.8 edi? =2.3 08ed =9.7 oiigl =12,9 8,8 18,0
5.30 |*'ve2 =5.0 5.3 w6t 06,2 9,5 et2.i 12,2 =11,2 =11,9
800 |e12,4 »16,1 13,8 13,6 15,2 o117 «1%.h o7,6 0,8 7,9
10,0 |eteat «7.3 8.0 b1 efou w26 eiZ.t ©10,9 11,7 =10,1
12.5 e),d «V,.7 ola? -".5 ol 9 -7_‘u oted 6,8 c".: LY N )
160 |=t1e8 =7,2 7.6 10,7 «16,8 «11,5 eldou af],8 @7,6 =8,
20.0 |=12.7 oC.4 ell, 8 etdey =1le0 oyl wb,d 06,3 a{3;9 =10,7
25.0 6/ed @6,0 w6o0 =d,8 olL,E =t e7.3 5.3 «14,0 11,1
31.5 .08 | 2.0 0.6€ -0,.1 .3,2 =) 6 .0’6 '06_.5 "7_.‘ -Il.!
40.0 elod 2.1 et el n 4,8 b F elu,t elU 9 o710 =14,8
50.0 [=19.5 8.4 7.4 @/;0 =C.8 wleb =llg) o11,7 «10,0 »14,3
63.0 |=1€e2 =11,3 =117 e13.D @14, w)d.8 alS,6 217.2 12,7 =22.0
OPTFj == NOSPL;
21,3 9,6 <ttt 109 el0.0 o10.8 =ligd 9,0 =10,4 =104V
——
CONICAL NOZZLE (RUN No = 119)
E¥ISSIUN ANGLE (RLLATIVL 1C JLY EXFAUST) REFERENCED TO NOZZLE ERIT
{ DIGREES )
PTF; 38 40, sg, 0. Pu, tu, SU, J00. 110,
FREQ
KHZ ) . . . .
"250 039,y 32,7 =31.4 28,2 27,4 e31,6 33,2 wll.2 «26,7 =24,
315 [«28.9 «27.0 e26.8 02d,0 #23,2 w2t,4 v27,.0 25,9 22,8 «20.8
Lo [e24.0 24,9 «24.8 =22,8 21,3 e24,3 w3h.4 «z3,7 20,8 =18,8
500 |e19,4 #19,7 «24.8 19,8 17,6 o1€,4 «1E.6 «16,8 «16,8 »18,98
630 01528 =15.8 <16, =16, o138 «13 B «is.7 11,8 =12,9 =11,.8
g0 [s11.8 @9,7 «t),8 «12,2 =100 wf, 6 ¥,? 8,8 9,4 8,3
1.06 | =8e& wS,6 7.9 =8,7 7,1 al.? 27,7 o7,u 6,6 8,8
1.25 07,80 2,7 vd,8 .Gj’ '5.4 57,3 *7e3 '.U’g -‘p‘ ‘J.’
1.60 | #ae8  €4,8 ot.d 3,1 3,7 eS,1 eB.1 02,7 @2,8 =1.6
2.00 | ®3.8 2.8 8! a2;b »3,6 of,3 edu w2, 2,8 ei.0
. 2.50 w2 4,7 1.8 .|" 2.8 .Ep? ogded "0,3 2,2 *04
3.15 | ®ve2 [N 2.0 0,4 oleb od,6 oi,l Vel =2;1 »0,3
4,00 | ®3e0 3,6 8.4 ot,h 0,6 «2,8 3,0 92,9 2,8 a3 8
5.00 wle? '202 7.3 '6_50 'oos -3,.? o?od "’_.2 “eps =8,0
6.30 | *Ss! 4,7 «1,3 3,3 el,3 8,0 w88 09;8 11,8 «1040
800 | #9e) 1.0 ebad =10,v 9.0 olly? 1148 old,1 @104 =7,
10.0 it ? 8,8 «18.? 'q_oh 8,4 wl(,6 =11,8 ol13.1 'li’pa wilel
124 [@17.9 14,2 =12,8 o140 eld. B »§8,4 w20,6 w2U.B «26,0 «23,8
160 |216ed 8,8 «11,0 15,3 ©18,3 e17.6 e19,1 17,6 «22,1 18,2
20,0 [#19.7 8.4 «1i,2 «18,1 #16,2 e19,9 =it 4 18,y 24,8 17,6
25.0 o,y 2,3 b.2 «13,2 18,4 »18,3 o127, »11,4 =20,) efd,2
31.5 9,8 0,5 ed,8 ol wled o12.u =1 (.9 o108 ©18,8 «16,8
100 leta? 8.6 7.7 @11.3 211,89 o13,9 =13,4 «13,0 12,3 19,6
50.0 |»1%.2 5.7 12,3 »18,0 14,8 elf,4 «12,7 13,3 «21,7 25,0
63.0 o13,0 5,7 19,9 =141 all? o187 =1t,0 v8,0 12,8 24,2
OPTF; NOSPL; ~ -
2027 96,0 o9 S11LM =111 213,27 «1i.8 ©1U.6 «11.9 v10,.4

222
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CRIGINAL PAGR-T8-

OF Povoe QUA

MJ =

0 MT

= 0.24

173 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTC,)

LITY]

DAISY LOBE NOZZLE (run Nos= 38)

LEISSION anGLL (RELATIVE YC JLY LNRALET) ALFERENCLD Y0 NO2ZLE EXIT

PTF,

( DLGHELE )

FREQ o, 49, 8q, 69, 70, Fu, 99, 100, 110,
KHZ . .
250 |24, 021,09 =24,5 -23'.6 o184 a2, =12,4 'l‘,u 21,9 =14,8
S3151e17,0 018,88 21,0 019,14 «18,1 o177, «15,0 12,9 »19,1 «12,9
h00|@1B,e o12,7 @198 wi8,0 14,3 @16, «1d4,4 11,6 «12,7 =11,9
500 |@13,6 015,60 «15,2 13,5 212, 17,5 o11,7 49,8 15,0 «9,6
630 |ete .t 212,9 o11,3 20,4 9,0 al,] el,b o2,y ell b 6,6
800| 7,8 w9, 4 7,7 @b,y 5,9 af.[ 8.2 ed,y 7,6 3,9
1,00 o£,7 0,8 5,8 4.0 «d,1 d,8 e3,4 2,2 8,1 <30
1.25 | @4, d 4,6 ed,C o308 e2,0 wZ,b *l,7 wU,Y «2,8 2,4
1.60 1 3,2 a2,3 2.4 2.3 el,6 <19 elyl wU,5 0,5 ~2,4
2.00 § eg,% =0,/ 1,9 =2,, el,b al b ei,8 ey.? 0.5 =4,0
2.50 | 3,1t 07 .3 =1, clel el 4 ef,9 2,2 U,2 =4,3%
3.15 | 2,9 2,4 e0,4 en,Yy U4 @2,2 =3,1 =3,8 Ue1 =5,0
4.00 | 3,0 3,1 6.1 ety eU,1 «E.1 24,0 ed, 8 i3 7,2
5.00 | 2,6 1,4 «d,] 0,9 o8,1 <9, ey.8 wi2,5 5, =14,6
6.30 | e4,7 24,5 4.8 @b 7 5.8 0,5 «ll,? «11,8 «10,7 =11,8
B.00 |w1i,5 «18,€ «13,3 «13,1 »14,7 o11,2 o7, e,y =H,8 7,3
10.0 atg,0 7,2 =%,9 6.0 5,9 «?,% ei7.u «1u,.8 11,6 =9,9
12.5 0,7 1,8 o@.% =J,h 8,2 €, .0 wbH,9 =f,6 «6,9
16,0 [o11,7 «6,6 07,0 «1G. 1 16,2 10,9 «13,4 «11,2 7,0 =8,0
20,0 et d e6,0 =li,) =130 =lu€6 @F,7 st =H,9 «13,6 =10,
25.0 *7.1 ®8.,7 e8.] ed,6 eu,d wbou ).t w80 13,7 =10,8
2.6 L e, 4,8 2.4 1,1 el,0 <E.t w49 wd,? 6,7 =9,4
40.0 “E.t 2.8 «0.3 el l o3, 8 ab,l 9,4 alu,? 6,4 =14,
50.0 S8 =d,7 e6.7 =6,3 eb,t abt b el 4 o110 9.3 «13,6
.0 |e18,0 o1d, 1 «10,5 12,1 «1d,0 @13,7 «14,5 af5,9 «11,4 =20,0
OPTF) e NOSPL.¢
22,8 oB.1 9.6 =904 eB,5 <G,3 eb,y 7.5 =8,0 =8,8
=
CONICAL NOZZLE (Run no = 119)
LMISSICN ANCGLL (RULATIVE TC LT EXPAUST) RLFERENCED YO NO22LE EXIY
( DEGFELE )
PTFy Jé, 40, By, 60, Ju, Eu, 90, 300, 110,
FREQ
KHZ . . . . .
PL0 [a2€,9 20,6 <28,2 25,1 «23,9 o28,5 alu,l 28,1 23,6 «21,0
3151e23.0 024,01 23,9 #21,7 220, «23,5 w24, «22,9 =19,9 17,8
A0 Je21 .3 ©22.2 «22.1 220,10 *18,6 «2),6 wi? 0 w21,u =181 16,0
500 1e1C.9 o171 «18,2 «17,2 15,1 wlE 8 «15,8 a4, «14,3 «13,0
6301e13,1 213,3 «14,6 «14,1 =11,7 al1,6 =11,5 9,6 #)y,7 9,7
L800| ey.d 7.7 eg,? 210,.1 «7,0 &), B «),7 6,8 2743 6,2
1.00 { e6,t 23,7 25,9 6,8 85,1 «f,7 5,7 e8,0 ad,? 3,6
120 | m€.e eled olu? wd,7 od,1 B, et,0 wd ! 3,4 2,3
16D | @3,8 1,7 08 2,4 o2, wdyl edal w18 =i, 8 wy,?
200 1 83,2 3,2 0.5 =2, e3.2 ed,0 eLlb i, 2.1 =0,
750 | w2e0 5.0 2.1 w0, 22,8 ed,9 wP,1 eU,l e2,0 0,2
3.1 g,y 6.4 J.} U,7 eU.3 2,3 «¢,8 U, 4 e|,8 0,0
L, on .3.0 3.7 oy o d "'4 ua’ wZ,? .3l .,pe '2_.6 '3.7
5,00 | =€o7 2.6 7.2 wh.y eU,2 W6 97,3 7.1 8,2 7,9
6,30 | 4.0 8.0 en.? =2.7 Uy B, w7,4 8,7 «10,7 =8,9
8.00 | et,0 2.2 o%.) =9.7 eB.7 w105 11,7 «12,9 9,2 «6,}
0.0 el & o8, @705 =6,9 02,8 L7,8 b,V w)U,? 9,6 =7,6
12,5 [998,6 27,8 «10,2 «11,7 #12,2 ©1t.2 =18, o18,5 «23,7 21,2
16,0 |=1€, 1 w€,8 «t1,6 =15, =16,0 «17,3 18,8 «17,4 =21,8 «17,9
20,0 [#18,4 #8,0 «13,0 17,8 »15,9 a16,3 oVk,2 ot7,7 «24,3 =17,4
25.0 SE,d 2,7 8,7 12,8 14,9 wld b «)],5 il 4 *]9,9 «}3,7
3.5 “Had 1,8 3,8 6,8 e8,0 ol E stu,b «9.4 ©)4,2 «i5,8
ho.o ey, € 1,7 o€, € wty,? «10,7 w13, =17, “11,9 «11,2 «18,8%
50.0 |®12,t 3,3 «UyF «12,60 a12,1 »jI,u wi0,3 w1U 8 «19,3 «22,6
63.0 ay,2 2.2 o2, 0 '"J.’ .7l’ 'I;QU L] "4." 'a.' '20.6
OPFF, = NOSPL,
23,1 ed,d4 o7,5 9,1 eB,7 10,7 wiL,4 wb,2 9,0 =7,9




1/3

OCTAVE HTC (dB) WITH RESPECT 70 INCIDENT SPL (NTCy)

M= 0.4 MT = 0.24

DAISY LOBE NOZZLE (Run No = 49 )

PTF;

.250 w2k o€
.315]|=25.4
L4oo|=23.8
,500|=21 .3
.630 wil, 4
.800|wt4,.€
.00 |w1240
.25 atg,d
.60 9,4
.00 wl,2
.50 egad

.00 =748
.00 ob.7

1
1
1
2
2
3.15 | *S.2
i
5
6

4.

(MLSSION ANGLE (RLLATIVE 1€ LY gxbAUST) RLFEREACED TO NOZ2LE EXDY

( DEGRELE )
dus 90, 6U. Tu, B, 9ne 100, 110,

o280 0205 #2647 025,27 #it,9 *23,6 «30,0 «28,2
a24.0 =27,9 =23,9 =22.4 «#id.8 w2lpl =26,6 =25.1
e22,) #21,) #22,0 edUoP wE2.2 19,8 ¢24,9 23,9
18,9 18,2 210,4 =18.8 ely,9 »18,3 =22,0 =21,
.|5.E .‘b") .|°.q .‘E.H A .‘602 .18,9 =18,1
103 ety =127 =126 =13,2 12,5 =18,2 =14,3
08,7 =8,7 10,0 =19,4 elugd @O F «12,4 ~11,8
27.0 eBs2 8,3 6.3 b2 wBou 10,8 =9,9
8,9 '9,5 od4b -9,3 YL “‘_ca =9,.0 =8,d
c6.d4 o7l 5.4 el,C =t.8 w8 =8,0 =7.4
e1.2 wl 8 ed,2 ~t.8 0b.) 8.5 w7,2 =647
8.9  U,3 3.6 ef.E ©2.3 wfoe9 «2,3 =7,1
el 1 w4,7 547 -6,7 ok, 0 wf ] ajUe2 =1142
atol =4 8 miia) =11E =tugl ell,4 15,3 «18,6
edul o7, =15.8 21,9 ~1t.2 «12,8 ©12,5 =13.1
2700 a14,5 #22,5 #23,2 =15,8 ~11.8 e12,4 =16,8
02,6 w7,7 =1,0 =1€,7 =18 1,6 13,2 =11.0
vd ] =950 =12,4 <1T,€ otl,9 13,3 ~14,8 =169
T2.8 ebab =13.9 e17,7 12,4 8.7 “10,2 =173
wd 4 -7’4 13,8 »lS.4 =139 -IU_.2 9,4 15,0
el 7 =3t =72 =f.3 oE9 w60 *1143 =1642
wB,2 =56 9.8 «1€.5 =110 8,6 =13,9 =12,8
5,8 -5'.-’ e12,8 '|’_|6 .|3_-‘ '.9_-2 =9,2 16,2
10,0 =b,b =118 elt. € o11,8 =13.4 =16,1 20,2
1.6 =17 =15,9 =18,2 =14.b =16.8 18,2 =20.1

NOSPL;

1o.d =B.1 =G4 @1050 =12,4 <13, =188 #12.2 «14,7 =14,8
CONICAL MNOZZLE (RuN NG = 97 )
EM1SSION ANCLE (RLLATLVE 1C 3t1 LXFAUST) RLFEREMCED TO MOZZLE EX1Y
( DLGREES )
FRED PTF; 16, 20, 0. 4v, %0, tit, 70. 80, 90, 100, 1104
KHZ . .
“250 |e29.0 e24.9 227.0 31,0 =28,6 28,6 24,8 ws8,0 ©28,9 +23,9 »32,9 31,8
1315 |e25.3 029.4 =221 =28,2 e2d.p 023.2 wileV w2d,d ~24,8 =21,8 27,86 27,2
100 02357 <18.6 «20.6 #24,2 #22,4 =20,¢€ wzU.b «22,7 =23,0 =19,9 29,6 -28,3
1500 |e2@.0 =13.0 «14,9 =18,0 «18,4 7.8 otk 2 «19,3 =19,8 18,0 «20,5 20,8
530 |#16.8 9,9 eilll e14,7 a18.0 «18,1 18,7 «16,2 “16.3 =19,8 «16,8 16,9
"800 [@13.8 07,8 7.2 «10,9 11,3 ol b «13,) 013,4 =12,8 #1314 al3,2 o13,4
Vo0 |ettee «6.,3 e8.1 e7,8 =83 9,2 =L 8 o109 «5,7 10,7 =10,6 =10,9
1,25 | o8.9 8.4 a4, 0 =439 5,7 e7.u o8t 8,4 7,8 8.6 o8,8 9,4
1.60 e?,) 4,2 2.9 .2’3 wd,$ ol 8 ab, b --6_.9 8,9 0,9 .0" .'"7
2.00 | o%2.6 1,6 8.7 0,1 3.1 ed 0 w48 03,3 =4,) «8,3 1.7 753
250 | #3.4 €8 2.1 1.0 22:0 =4,7 2.4 0.6 2,8 =3i9 6,3 obl,3
3.05 | 2.6 9,4 8.2 2,1 2,6 =3.9 ool 1,4 =31 =3,6 5.9 7,0
W00 | =2.0 1.8 €.8 L1 2,8 @3,2 G630 =243 vd,) 7,1 7,0
5.00 »2el 2.3 7.6 '3'7 «d.4 '0_09 .'.3 2,8 -3_.‘ «?,8 09'5 'i‘,’
6.30 | =2.0 8.2 7.8 a0, el 7 =l 2,8 1.6 5,0 15,1 »i6,8 «18,6
8.00 | =@, 4,8 8.0 2.5 0.} eled  UeB 7,5 <12,6 8,6 =9,1 =8,8
10.0 8,3 1. 5.7 =0,7 =37 wd d o2,b eb.8 elll) (0,3 »13,9 .1€,6
12.4 el 8 wl,8 6.4 3,b 4.2 b, eze? D5 11,2 17,1 =16,1 vié,a
16.0 ol 1 w38 2,) 0,5 wb5.0 6,2 Y.t w8l oll,7 18,6 »16,9 18,7
20.0 wd 9 el,} 1,0 5’() 02,0 6,2 rd,b 9,7 =11,9 =19,1 20,4 21,9
200 | k.8 3.8 2.8 =2,5 2.0 205 ebub 7.7 «8,8 =i7,2 =16,7 »21,3
3.5 | wted w87 14 2,9 oB.t wB,§ wbel 4,3 =9,0 -id.4 *17.7 +22,8
40.0 .e_.‘ 3.9 3.9 '2p'= =740 '796 -.9,&' 72 'lu_o‘ =168,8 “a,‘ 24,0
0.0 |ete.? 9,8 «1.4 el 09u? lUs =his6 vlds) «19,8 =22.1 21,8 #26,8
€30 |e12.5 2.4 s2.1 w?.0 =12.6 TIReE el7.4 o15.5 19,7 =24,2 =23,2 #3143 ‘
OPTF; NOSPL ¢ e
21,7 7.8 =37 e6.H «iU,0 elU b s.B eV.) =12,0 «12,4 otd,4 «18,0
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1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTC,)

W
oM
YA TENN \:xa‘ M o= 0.4 M. = 0.2
ALY Que J T
¥ DAISY LOBE NOZZLE (Run No= 49)
EMISSION ANCLE (RLLATEVE 10 JEY EXPAUST) RLFLRENCLD YO NCZ?LE EXIY
{ DLGRLES )
PTFy 30, 40, 50, 8¢, 79, Eu, 9u. 10U, 110,
FREQ
KHZ . . .
250 |026,4 «33,0 27,8 «26,3 =20,8 o28,u @2¢,7 #23,4 «20,8 28,1
315 |928,2 28,6 2.8 «22,7 »23,3 #22,1 ©23,5 w209 =26,3 =24,8
400 |023.€ 23,8 «22,0 «21,0 #21,7 20,6 #22,0 19,5 «24,6 «23,2
1500 [«20,0 19,8 @18,6 17,9 =19,1 18,2 «19,6 «B,0 =21,7 20,6
630 |w1B,0 016,2 »18,1 14,7 16,1 «18,4 =lt,7 «15,8 «18,6 »17,?
800 [atd,g o11,7 «10,7 «10,0 #12,2 «15,U =17,7 =2, =14,6 «13,7
1,00 [«11.3 e8,5 ool 8,1 9,4 <9, oY, 8 9,1 «11,7 «fi,0
125 | #9e8 26,2 w2,) @7.0 7,7 8,7 b,1 7.4 =9,9 «9,)
1,60 | w8 ¢ wd,| @B, eV,i eB,0 =7,7 <t,8 6,0 «=B,4 7,8
2.00 | w7, 2,5 5,8 0,0 94,9 wl.u 6,2 8,2 7,4 6,8
2.50 of.¥ 1,2 0.9 "p‘ *3,9 et 4 0,4 ed,1 -6,3 »b,4
305 | o801 w€yed 148 Q.4 3,8 8,7 2,2 8,8 7,2 =7,0
L.00 ®7.7 *0.9 2.9 4,5 eB.5 ef.b 7,8 7.9 «10,0 11,0
5,00 | B 1 @8,2 e0ef o3 B =1U.5 «ll,u ©b,6 =109 «14,8 ~18,1
6.30 P8 e0,8 2,C 6,7 215,53 «21,4 «15,8 12,3 «12,1 «12,6
B.00 [et1,4 «q,6 6,9 =14,1 =22,4 23,1 =15,7 «11,4 «12,3 =16,8
10.0 B € 1,8 e2,4 @7,u =11,8 «1¢,E 15,0 015,59 «13,0 «10.9
12.5 .2 1,9 @4,3 9,4 «12,0 «1%,3 «11,5 «12,9 «14,8 «18,7
16,0 oYl 02,6 w2,d4 5.7 =13,0 17,7 «17,4 29,6 =101 *17,2
20,0 [ete.d4 «2,7 ed,4 7,3 13,5 «16,u «13,0 elu ) <9,3 -14,9
25,0 @767 ©2.6 1,6 3,1 @71 .2 <b,9 5.9 =11,) 16,2
31,5 |=12,0 10,1 et =5,1 20,3 oft 7 al],d4 eB,4 =13,8 »12,6
U0.0 et 1 @7,2 e5,7 eb,1 =12,7 e\ b @130 «9.1 =9, 16,1
50.0 [e94,1 9,7 9,9 8,7 «l1.7 16,5 «11,7 «13,3 «16,0 =20,1
63.0 |et6,9 «12,6 «10,4 211,85 =15,7 ©15,0 «14,4 16,4 «18,0 =19,9
OPTFy vt NOSPL,
VIoE o7,8 .l ©10°3 212,0 =13,5 13,8 o11,9 o14.4 «14.4
==
CONICAL NOZZLE (RuN No = 97 )
EMISSICh ANGLE (RLLATIVE 10 JET LXHALSY) REFERENCLD YO NOZILE EXIV
{ DLGREES )
FreQ PTFy 14, 26s 30, 40, %0, 6w, Pu., B0, 90, 100. 110,
KHZ
<250 [w27,1 23,0 228,14 «29,6 =26.7 ¥I € #4548 «Z6,1 =27,0 *22,0 =30,0 =i9,0
2315 [023,7 16,8 w204 024,5 »22,6 20,5 WiU 2 v22.7 «23.) ~19.6 «25.9 »25,8
SH00 [e22,Y 17,2 14,2 -22_.7 20,9 e19,2 =140 d"’: -21’6 el18,4 .2‘;‘ .23’0
<500 lat8,€ «31,6 «13,8 a17,2 »217,0 wit,b =1t.8 «17,9 a18,1 »16,6 19,1 1§,2
630 1a15,€6  w8,7 9,9 =135 a13,8 «13.0 214,86 «15,U =18,1 «14,6 ~15,8 18,7
800 [#12,9 07,2 9645 «10,3 =10,6 o11,7 =12,4 012,7 «1]1,8 ¢i2,4 «12,6 12,7
1.00 |elg, 6 05_.9 «4,8 -7..5 e8,0 B,k =li,4 «10,.5 -9..3 iU, 4 "0,2 'lﬁps
175 | o8,6 «8.8 3,7 =d,0 #8,4 wC,7 -ol,3 8,1 7,1 =83 8,5 ef,!
1.60 07,2 4,1 2,8 .?'.’ 23,8 of.,4 8.5 -ob__ﬂ -B..a «6,8 "’0 06,5
200 | 5,8 1.5 0.6 ©0,0 @3 0 «d B 64,0 63,2 =d,3 =5,) 7,7 7,2
250 | 3,8 g, 2.1 1,0 02,0 «d,7 e2,4 0,8 «2,8 3,0 6,3 e€,3
3.1 v2.t 9,1 8,2 ’-.7 02,6 o3, B ey, l_.5 -3,] LRIV ] .5..9 e7.0
.00 | «2,.0 1,4 E€.8 1,) 22,8 23,2 0.7 3,0 «2,3 «A,3 7,0 7,8
5.00 1 e2,0 2,3 7,7 =3,7 3.3 eU,8 1,3 2,9 =34 #7,7 9,4 »14,7
6. 20 -,y 8.9 8.1 0,1 el,1 (. 3. 2.2 4,3 «14,8 «16,1 »15,0
8.00 2.2 5.9 Byt 2,7 Ul oG,? leu ©7,3 “12,4 8,9 8,9 8,6
10.0 od € 1,? Fed =0, @30 «2,7 wt,H ©4,9 a]0, 4 0,7 13,1 18,3
12.5 LN ] 0.5 7.9 5,1 02,6 of,3 el,l ed,1 9,6 ¢15,4 «14,6 tlﬂ;ﬂ
16.0 [ 18 ] «d, B 2.4 '0" 6,6 '9p3 7,0 .e_.U '.‘_o‘ 18,8 "6,8 o18,.€
20.0 ed 8 1,2 1.1 b,' el 9 oﬁ,l vd,0 .9..6 .lI,ﬂ ©19,0 20,3 .2‘.8
25.0 wb,? 3.8 2.9 22,4 22,0 <3, B o085 7,8 8,4 «17,1 «16,6 21,3
3L | eBel 0,5 1,6 «2,7 eH,3 e€,7 B0 4,2 8,8 «14,2 «17,5 «27,6
40.0 w2 ed,8 A1 @19 ab8,0 7,3 b8 a?,, =10,0 =18,7 «17,9 ,23"3
50.0 ‘-'-Q.ﬁ “Y,d e1,) =)0 e9.) w0, F wil,b eld, U «}9,7 «22,1 w21,7 «2€,7 .
63.0 12,2 2,1 ol.8 «f 9 12,3 »i1f,3 @15,2 wl1b,?2 «19,4 23,9 23,0 «31,1
OPFF, - NOSPL -~
2209 *5e8 =205 #0.7 w80 e§,7 eb.4 B,y *10,9 w|1,) «13,3 13,8
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC))

MJ: 0.6 MT = 0,24

DAISY LOBE NOZZLE (Run no = 37 )

EM1ISO10N ANGLE (RLLATIVE 70 JLY LXkAUBY) RLFERENCLD YO NOZILE €X17
( DLGRELS )

PTF] 20, 30, qq, 8¢9, tu, Pig g0, fU, 100, 110,

L2601027,8 o3¥,3 «31,9 +26,¢ 624,09 o285 #3d,2 ©27,1 23,06 =26,4 26,0
3151e24,4 31,6 027,8 23,0 21,6 «20,9 %140 We3,4 #21,2 23,8 23,3
4001e22,8 «29,8 a26,6 021,9 020,0 #2001 «19,3 21,7 «19,9 =22,3 21,9
50002842 219,10 €219 «19,6 =17,8 =12,4 =it 8 018,68 o18,4 =20,4 -19_.’
,630]et7,8 10,6 «18,8 #1684 «1d,9 o14,4 =i4,! wibh,8 o16,4 «18,0 «17,3
80000, 0 014,68 w1ded o13,0 811,72 e1U€ =18 w12,U =138 «15,4 14,7
00 [#t1,.3 w1 0197 9,7 8,1 7.4 8,6 9,4 o) |,7 *{4,9 »12,9
25 | 9¥e2 w30 0748 7.1 8,7 «£.2 w08 7,9 el0,4 =14, 11,2
60 | 7.1 0.2 5.2 =45 3.3 al.) ed.? ©0,8 «9.2 =13, ety.2
00 | o8, 1,7 w3eb =27 e1,8 al,§ 3.6 6,5 0,3 12,6 8,8
50 | ®4.9 2,5 e1.9 1,7 eUel alyb ed.7 07,2 «B,8 =12,2 =8,)
15 | 309 2.8 e1.3 a4 B3 1.4 edeu e7.3 =B,0 11,3 10,7
0d, 1 I, el.l el,1 lol 1.5 4.7 05,9 «10,2 =11,4 #12,4

OV EW NN = -
o
(=]

20 | $%.€ 4,7 2,1 e3,3 2,2 =) 0 obsb 6,8 212,2 =13,0 <i8,8
030 | #6,H 4.7 2.4 el b ed. B A,k 13,4 10,6 11,2 =12,5 s10,!
00 | @648 6,6 1.9 wdy0 <641 =7,9 =1t,H «15.7 ~15,7 =15,8 ~14,8
10,0 | 96,8 7,8 1,7 a?.5 i2,2 e12,8 s€,0 oly.iu 2'0,7 220,06 &11,0
12.5 w8,d4  S,8 4,0 a3,] 8,7 <0,E eldel eli,} =17,7 +19,8 #12,6
16.0 | 99,7 24,7 8.1 4,9 e¥.l o11.,2 10,9 «13,7 #12,3 =20.1 10,3
20.0 9,0 w30 1,4 «9,5 «16,1 o12,9 =13,1 68,8 =14,9 +16,8 «13,7
25.0 8,5 7,8 2.4 -”9 wBs8 o7,k w4,4 4,8 11,3 13,0 14,7
31.5 [etgad 7,2 a3e7 12,2 ~13,2 «€,4 27,7 «6,2 0,6 =14,6 «13,8
40.0 [efd,0 9,2 e18.1 =148 =12,2 <€;5 =13, 9,2 «17,4 »168,3 23,4
50,0 [=93,7 14,6 9,0 11,27 9,8 7.2 =11,7 51u,3 «19,8 «14,7 «18,2
53.0 fe1d4,3 «14,5 w5,0 =11.) «16.1 12,2 14,4 «12,3 =18,7 »19,3 «18,3
OPTF; NOSPL;
20,0 «4,3 B8 w09 o8B «€,5 11,3 «13,1 14,8 =17,7 ©15,9
CONICAL NOZZLE (run No = 107 )
LMISSION ANCLE (RELATIVL TC JCY ENFAUST) REFERENCED TO NOZ2LE EXIT
t DLGREEE )
FREQ PTF; te, 20, 30, 40, %0, ou, Yo, 80, 90, 00, 110,
KHZ

.250 | @26 .3 27,8 ©12.9 ¢32,0 #33.2 30,V ¥20,2 927,7 26,9 26,8 «33,2 «34,9
315 (02440 $23,8 <11,8 «26,0 «27,8 «28,7 «23,2 424,85 «24,0 »23,9 29,5 «3¢,1
LL00 [@22,9 21,7 wtl ] 24,9 «26,0 w24,] 71,9 @23,0 22,7 »22,6 27,9 28,4
500 #2840 217,6 9,8 =17,6 o18,6 «]18,d4 =19,0 #20,0 =20,0 20,3 =24,1 »23,4
630 [017,2 »14,2 8,0 «13,8 614,60 «14,5 =1t o17,1 ©17,3 »17,7 «20,9 19,7
800 |e14,7 o10,4 6,3 «11,2 012,0 «12,5 «13,8 14,1 14,6 «14,8 «17,0 18,8

1.00 [#12,3 6.9 eS,1 @8,9 «9.8 «10,3 =l1,u o11,4 12,3 *11,6 «18,3 «32,8
1.25 |m18e) 4,8 3,9 =6,0 7,6 Bl 8,7 w8.7 «10,1 «9,2 «12,8 10,0
1.60 wt,q el,3 o1,7 o4,6 o84 o, 9 0,5 w62 w8yl 7,8 10,0 »10,0
2.00 | 8.8 Q.8 9.9 1,V 3,2 ed, i wd.b =3B 6,2 «6,6 «8,5 9,5
2.50 =d .4 2.3 2.6 0’5 oyo7 =l € .42 "l_.‘: '4,5 w7l .7'1 ."l
3.15 LY ] 1,2 9.8 1,4 alit elou ol,l w1,8 «d,9 =w9,0 -’,B «f,2
b.00 | =4.1 2.9 2.5 1,7 09 0al  Guu w33 =6,6 =7,8 9,7 =10,6
5.00 | *3.6 =8.3 8,2 1.9 2,8 2,2 f.1 #7.8 10,8 9,7 «18.4 «i6,4
6.30 ot ¢ 1,8 ed,4 "’ 4,7 =p 3.2 "bte »12,7 =14,5 ".p’ -'G.!
8.00 8.6 1.8 2,0 0.y 7,3 86 J.9 w?.6 eB,3 6,8 =6,6 8,7
10.0 ool el,9 e8,0 0,7 7.5  €,2 eiel =lla] *10,8 =13,3 15,6 16,3
2.4 1,3 e6,B 9,2 0.0 10,3 $,6 3,0 =1),U o2 .6 21,6 «17,0 14,9
16.0 97,7 ®7.9 14,6 917,05 e,] 2,0 =106,5 ©}7,8 =18,6 wl7,1 w24,6 20,7
20,0 | ®6.1 8,3 2,4 13,0 1,0 9.6 =14,8 o}2,5 «19,0 18,7 «21,7 »23.4
25.0 ¥ el 4 e0,7 ®4,0 9,2 7.1 =li.u *1U.Y *13,4 «13,6 17,4 =23,8
1.5 w1, 8 eb,7 ob,2 ed,b 8,2 €,2 8,3 «ld,u «)0,0 «10,6 «24,4 22,0
40.0 | w3e5 13,8 6.3 =40 deB .0 sB,U olb,% «12,7 ©16,2 =19,9 =2),2
50.0 el b o1Q,) 8,8 wd,b 6,6 E,1 ).l w13, 4 «]4,9 «19,2 23,8 24,1
61.0 3.8 06,9 07,2 ®7.3 12,3 11,6 11,9 «17,u «18,4 «17,3 =21,6 =28.8

OPTF; == NOSPL4 e
20,8 ®7.5 6.6 7.5 wdel edyu eyl 11,7 13,0 «13,0 «16,5 16,1




wd
u“,’,\ l\“

£e

O¥

\‘P*C‘E ‘sﬁ 1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED 'SPL (NTC,)
Q\“\‘J‘T M, = 0.6 M. = 0.2k
J T
DAISY LOBE NOZZLE (RuN NO=37)
LFISSION anuLE (PLYATIVE 10 :E; t:h;US!) RLFERLNCER 10 AOZ7LE £X17
DECRE
- PTFy 29, 30, 4du. B0, Cus P4 Ho, 9u, Juu, 110.
KHZ .
“350 a26.y 38,7 e31,4 «26,3 ~24,3 024,95 w2l b #26.9 23,0 *29,9 25,4
(315 | w23,k 31,9 26,9 =22,9 «20,0 22150 wiuLd eF2.8 =20t 23,2 «27,7
400 e22.2 29,2 =?5.0 =21,4 alPod o168 «tli,? sdi,l o19,Y *21,7 =21,2
1500 19,7 +18,5 «21.3 «19,0 17,0 elE b m1b,3 «18,2 17,8 =19.8 T
630 |w17.9 =14,1 «$8,) o163 =14d,4 13,9 =13,0 015,33 =15,9 17,3 =16,8
"800 |et3.a =9,8 13,8 =124 =10,7 elUoy =103 »11,4 a13,0 =14,9 14,2
100 |=tge? 8.5 wt@.l 9.1 <=Tof b B sy BB wil,1 =13,9 =12,3
1725 | =bab =2.4 7,3 =b.b oSl =4yt vb.2 2.3 9,8 «13.7 <iu,?
60 | m6e8 0.4 =4,6 ed U =247 2.8 eded 26,2 =846 »12,8 «v.8
2.00 «f, 4 2.1 3.0 =2,7 elel wieb =342 o6,1 =8,8 =12.2 w8,4
260 | ed.€ 2,7 1.6 =09 UL) 0.3 w3.h =7,y 8,6 =11,9 =8,1
15 | e30k 2.7 etl) =0,2 1l 1,6 2,8 7.t B8 o11,2 10,6
L.oo | wd, 3,3 ed,0 =12 142 1.7 o6 5.8 «lUuU 11,2 =12,2
5.00 | +B.2 4.9 et S el 2l el Y w8,2 =6,3 =12,0 13,6 =159
£.30 | 5.9 5.6 1.5 =349 wd,9 ®3,9 =teeD =9,P alUed *11.8 =4,2
800 | wt.z  €,9 e1.0 =43 =58 76 =18,5 «15,4 =19,9 «16,3 15,3
10.0 WELE 8,0 1.8 7.0 =i2.0 12,6 wH,d 9.7 =208 =20.4 e10,8
12.5 wilg 6.2 A5 =2,9 «8,3 6.4 aid7 elUL7 =17,3 «19,3 =12,2
16.0 eBot 4.6 0.0 «d. 7 e9.0 -1l “16.8 o13.5 =12,2 =210 <10.2
20.0 ab,s =18 1,5 «9,4 -18.0 2.8 =130 eB.7 «1d,0 *16.4 =13,6
25.0 eGo2 =7.5 2.7 =2,b e85 o7.5 el 04,5 «11,0 =12,7 =14,4
3.5 |=tg.2 <7.8 <38 12,1 =13,1 =t.2 e?,L o600 =9,4 =14,5 13,6
K00 e13.8 =91 =¥, «14.7 =121 2E.5 e1),d4 =9,2 =17.3 -18.2 23,4
50,0 let3.4 14,2 8,7 ol =9,% t.G e1},4 =l U =18,5 =15,4 17,9
63.0 o138 =14,10 vd 6 =109 15,7 el bt =144 v11.9 =10.3 =18,9 «17.9
OPTF| e NOSPL, -
21,5 =38 8.0 =9.4 B3 «B.u =10,8 12,6 “14,3 =17,2 «15.4
CONICAL NOZZLE (RuN NO = 7))
| LM1SS10N ANGLE (RLLAVIVL TC JE1 £XFALSY) RLFEREACED 10 MOZZLE EXIY
i ( DEGREES )
o )
- T, 1e. 20, du. 40, fBo. eu, Tu. 8O, 90, 100, 110,
KHZ
250 |@24,2 28,8 «10.8 3 ‘0 e 28 U 2 5.7 =24, ‘ :
315 |s22.7 ©22,2 =14.2 12873 T3tk e e A b PRt ‘23'2
tog |e2221 02609 21023 «2450 28,2 ~23.3 iU Tl otk a1o7 =270 #27.5
cu> |e99.3 <1705 8.8 =16,9 «17,0 <17.E 18,3 =19,3 2198 =19.6 «23.4 w22’y
a0 [atELE 2138 7.5 =13,4 =14,0 w145 =19,7 16,7 -16'9 .17'3 .20.4 . 953
B0 e 14.8 10,2 6.1 ofl,1 =11.9 »12,4 =13.3 21379 =14.5 w14,4 o17,8 "e’
Voh (e12.2 w68 e8.0 =8.8 =947 =10, =11,0 T103 o12%2 <11h6 «18h2 187
1.25 |otget =3,9 3.8 6,8 7,8 <B,1 b7 wb,? -10’0 -9'2 .ge"y . "7
S e e S1o3 e1u7 mdnd o4 <£8 e6.8 w602 Bl 7.8 =10.9 "
Voo | enoe  @.8 1.0 elaB 3.2 =diU ea.D <308 s6.1 =6.6 =B.5 i
Ton | edng 2.4 2.6 0.6 ou 8 =18 e2,2 =1.8 salE a701 e7at 7
el bE ef e e b el Tl & selo rie et
i, wd, wg, Y .
Sy | w3e€ eas2 5.2 1.9 g:g iy 0 23 ,;8'3 A =19,6
Sl wels 1o el.8 7.9 5.4 (o0 300 eat9 =1201 «13.8 .‘4' S
].0p 4.7 1,6 6,9 |;| 7.4 e's 4.u <-7.5 -e"a ..5.4 -! '.g =18,%
10.0 .0 =1,2 7.3 =0,0 B3 !:9 n.e -|u.4 -Au'l -|2'5 .::’9 *2:0
2s | 308 edi7 e7i1 2,3 12,8 41,8 o0? w809 a2usd 1942 «14,8 R
160 | 707 w7.8 a14,8 «17,8 ou3 7.y =1t} 1707 o18°6 w1741 246 12,8
20.0 .1 5.3 w7.,4 #13,6 2.0 2,7 14,7 -|2:4 -w'u -w'e .21'6 'Zg':
25.0 od,8 ®1,2 «0.€ -q, 1 9.4 7.7 olie8 »10,2 .13.: .|3'5 ;"- oy
31.5 1,1 6,5 +4,8 4,3 6.9 B,4 eb,1 -|3°7 0.8 .l ‘e ".'f »23,4
38 13308 o1305 e6i2 edhn 48 Ly el Tiens <1ate wtony i T
o0 [ere? via.g =8.4 e85 OB E,2 «7,u =13,3 e14.8 10,1 23’a :gi’a
61,0 3%7 Te6l7 erie e7ud 12,6 11.F el1,? <16.8 £16,2 vi7,1 w21 4 w2052
OPTF, = e T A ——
2146 =E.7 5.8 =71 e8I =37 CB.3 =10.9 13,1 =13,4 18,8 «18.3

227




1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,)

= 0. = 0.
M.J 8 rT 0.24
DAISY LOBE NOZZLE (Run NO = 55 )
LMISSION ANLLL (RLLATIVL 1C JEV EXwAUEY) RLFERENCLD 10 AO2TLE Exyy
{ NLOREEE )
PTF, 29, 3o, a0, 8¢, €0, 0, By, 9u, 100, 110,
FREQ
KHZ . ., .
250|026 =?1,8 23,4 «28,3 #29,3 w28,€ wi¥,7 aJu.d «30,8 =37,.8 32,1
"315]e2¢07 ©18,) 227,2 *26,1 =20,2 22,5 w2h,9 93?9 «27,1 #33,3 #28,4
400 e25.4 012,3 «21,6 «25,1 24,9 «21,2 €23.¢ w2b, 8 220,06 »31,8 =26,9
"600|22°3 <1105 2142 23,2 #21,9 18,8 el§,0 «22,0 a21,8 ©26,4 »24,0
.630|e1y ;2 =10,2 2.8 21,3 wlB, B oIE,€ «1b,2 el9,8 18,3 »22,4 ©20,8
800]|e18,2 6.6 17,3 17,9 =18,3 elf € »l(,? =16,2 «14,9 ol8,7 15,7
1,00 2.2 =3,9 ~¢|A.6 “5” 2,8 ol 8§ ‘7.9 et3,? -l?,? “{8,7 "‘.9
1,25 {ete, 4 =2.R e12.8 «13,0 »10,6 b3 et w118 e10,8 13,6 =9,60
1.60 | wteS 0.t =113 oty e ? wd,t 05,3 «9,8 9,1 =i1,? =8,2
2.00 (Y 1,6 o4,C "Q’“ 6,4 «2,) 24,4 47 .8 07,3 =9.4 e7,2
2.50 | *te€ 3.4 =103 @g,06 8,3 e1,6 *Bou w241 ®7,0 8,7 »8,8
3.16 ot ¥ 4,9 «11,4 «G,2 o3t e, 05,3 wb,4 0,8 o8, e10,4
4.00 | *8e3 €8 2.0 ebou w0l i sl b 7,2 07,3 =B8g1 =10.3 1,8
5.00 | =4.) 8,3 1e3 =4,9 =2,3 «d € @li ) il U o1U0,7 =15,5 «13,4
6.30 w3 4,4 2.4 =0,b o741 =167 w2dot =20,6 «13,9 15,7 «11,8
800 | #9.z =246 eted =lp4 7.2 ©17,5 w2u,) 19,0 =14,06 16,0 9,3
1000 | sE.& 2.9 1Y 01 =0.2 14,7 «13,8 12,1 «28,4 «17.9 9,7
12.5 L1-P% 4,2 4,7 u,-‘ 11,8 '?eps 14,3 12,7 «19,8 24,0 10,9
16,0 | *9s3 .7 et e2,h w8,7 e13,7 <22.8 e16,3 18,7 «19,8 =16,3
200 |st1eg =d.4 o7.9 =42 8.3 <138 €230 ei1.7 =11,0 #14,8 =25,9
250 | stad etl1 e8.5 @iy @18 @8 =lv2 w?eu =10,9 »16,2 =19,0
31.5 |=12.9 ®1.3 o8, =950 atu,l =18,7 ola,8 @12,y «19,0 »14,6 €22,
400 |et1et =B.4 e8.b ei2,.7 el 0 ef,u oli,b ©7.9 9,8 =10,7 21,9
50.0 |e14.0 $18,9 5.9 ?pt 8,7 =12,% elt b o15,6 «18,1 18,4 -.8,0
63.0 |ot4.9 o1a.7 2,9 «3.0 74t wil d 17,3 o13,2 =19,1 =15,8 25,5
OPTF; NOSPL ; e
24,4 =34 8,5 =1004 <118 ello! #1243 e18,1 =14,4 »17,2 «15,9
—_———
CONICAL NOZZLE (run NO = 111)
LMISSION ANCLE (RCLATIVL 36 JET CXPAUST) RLFERENCED t0 NOZ2LE EXIT
( DEGREES )
FREQ PTF 1e, 20, 3o, 40, 80, tu, 79, 80, 90, 100, 110,
K“z - . . . 3
250 |e21.0 =d4.8 =18.6 «25.0 028.2 »28,1 #26,7 «31,2 =40,9 «41.4 52,9 40,7
e [e1907 938 o13.3 20,6 20,8 o20,5 #22,¢ 20,8 add 4 »34,9 44,3 «38,3
W00 [wtt.t ed.8 12,8 =190 o19.) o194 wgied v28,d #32,6 #33,1 =42,2 33,7
500 [w16.3 w@.) wB8ed =14;) 14,2 old,b =17,7 ¥20,9 23,0 v23,8 29,1 29,3
630 fet3 b =0,7 of,4 «10,6 »1U.0 wll, 8 wid, 0 ei7.5 =19,9 #19,7 24,8 =28,7
"800 [et1,3 eq.8 2.8 7,8 P4 wB.l o107 eld,) ©10,2 @168 21,2 «19,8
1,00 | »9ed €.l et.0 5,7 a8y7 @B,B w7, o1U,? 12,8 »13,8 18,0 18,2
1125 | o, 1 og,9 e@.d 4,9 6,8 4,9 4.t 97,6 007 ©10,8 =18,0 »f1,4
1.60 o6 d 1,0 0.9 3,1 4,4 w3t 2,7 ody? 7,0 8,4 12,3 0,2
260 | w48 9.3 2.4 =2,3 2.4 =l 8 w19 2.2 o438 =0.6 “10,2 6,1
2.50 wd, 4 -9 1,8 "pc ol , 6 CIY 4 *ged -y,8 .‘.! «8,9 .9_.3 09'6
3.15 “d,0 *2+7 0.9 Qa1 ol 8 @l B ey,2 Upl 4,8 0,4 -9,6 .”2
P00 | sd4.8 sEe7 . 09 247 o34 1.2 =0,7 oBe1 9.6 e13,0 »1d,4
00 | 8.3 4,6 w004 =2,4 odod wd,u 1ol @) 8,8 13,7 »19,9 #22,0
630 | wdot =6,8 e2,1 4,0 elgh 1.F  Jed ©2,0 <14,1 #18,7 »18,7 «19,0
300 | w6.8 2.3 0.7 6,3 8.0 eld .Y el1,? =14,0 9,8 =13,9 «i7,8
10.0 o3, 6 4,3 2.1 =4,y U6 3. 2.9 05,2 9,8 10,4 w20,0 v18,4
12.4 07,3 3,3 el,0 ell,? 4,7 Ut wha? v12,1 =18,1 eld,6 .|9’° '2?,0
16.0 abog eB.7 #9.) w7, elef U, oty eB,1 «18,7 #14,2 21,2 w2d,7?
o0 |=t3.9 =B.0 eD.E #1814 e 0 oB,2 el efA,) =18,3 »16,5 20,08 +28,3
25.0 7.8 6.6 3.8 =5,3 euct wU,b wd B e9,u 18,0 12,8 15,1 »22,2
31.5 *y,8 wl, 4 '5-! .6..| 3,8 wd, €t "Q,’ '.9.3 '|2|7 "5.5 -26‘2 '28,‘
2000 lettod <607 wtost o10,7 6,9 2,3 ot,9 olb,1 «17.8 «2u,1 24,8 #26,1
500 |e1d.d =9,3 «14.7 8,0 8,2 ).y 0.7 17,8 25,8 w2d,d4 27,9 30,8
63.0 |=912.0 =2,8 8.7 =9.7 o7,6 7,3 7,4 12,5 «17,8 20,1 28,4 «208,¢
OPTF; NOSPL ; -
22.4 ®2.3 wé.b6 eBLu eBol =73 7.1 oU.7 «13.8 v14,3 «iB,7 =128,9
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1/3 OCTAVE NTC (dB) WITH RESPECT T0 TRANSMITTED 'SPL (NTC,>

M
o~ \" \\ "
(’)\1\("' h (‘M‘JI“‘“‘Q M, = 0.8 M =024
" l’L)U“ & J T
O¥
DAISY LOBE NOZZLE (RuN no=%5)
EMLSSIUN AMLLL (RLLATIVE 10 JET LXRALET) HLPLRENCED YO NOZZLE £XIT
( OLGRLIE )
PTFy 20, Jb. 40, 50, &0, Ju,  Eu, S0, 1, 110,
FREQ
KHZ ) .
L2650 {w2¥,8 02¢,3 «272.) «27.? a2B, 1 wgd 4 w2b,b 59,7 020,9 ¢36,6 «J0,Y
315 |w2807 17,3 €21,2 25,2 25,3 o21,E =74, ®i6,2 #26,1 «32,4 27,4
400 |024.8 «16,5 20,7 «24,2 =24,0 202Ced wiv,] wib,u =24,7 30,7 «26,0
500]e21,8 12,6 «20,3 «22,1 2210 12,7 all,? ®52,u 20,5 25,8 23,2
630[ett,d @8,4 «20,0 20,5 otH 0 old,tb w1d,t o19,u =§7,9 «21,7 «20,1!
"800 |etd.C wG.0 oVEe7 «17,3 =1447 o110 =L, 1D, ®14,) =181 «15,)
100 =117 =3,d etdet o14,7 #12,4 «8ou *7,0 ®12,7 o11,7 o15,2 «1i,.4
1,25 latang =1,8 e12,4 13,0 =tu,2 =%.S 8,7 «lf U «lU,2 »13,2 =9,2
160 | abo€ e0u2 ot1,0 ol 0 =B,d wdyt oou =95 «8,8 11,4 =},9
200 | o607 2.1 w4.B w9,7 eb,0 =19 wd,l e7.4 e7.0 =9,1 w6,9
2.50 | G, 1,2 etg.l e9,1 =8,) el.,4 ed.d 06,9 =6,8 =8,% 8,0
315 »t € S,1 wt1,d -9,y ed,7 «l t 85,2 0,2 «6,6 =8,2 ~10,2
500 | 5.3 6.8 7.0 w8, e3u el b e, 97,2 8,1 =10,2 =11,8
5.00 -l ¢ 8.7 1.7 ol):.b el b -4.? oli,? "lu_..ﬂ -IO_.J .15_.' »13.,0
6.30 | =L} 4.6 2.7 =U.h 6,9 elb & w24,4 20,4 «13,7 «15,8 «11,6
8.00 | ek 7 =2,2 =0.9 <1,0 <68 ef?, 1 wit,d =18,6 ¢14,2 «18,6 =8,9
10.0 =i, IS0 241 Ul =60 «14,8 @136 =11,9 25,1 «17,7 «9,8
12.5 af 1 4.4 4,9 G0 =11,6 «28,4 «14,7 12,6 19,4 w23,9 10,3
16,0 ay g =g, b .9 ®2,0 eb,b etd 6 #22,¢ "6_-? «15,8 =19,7 ‘|6p|
2000 letg.Y wd,d 7,9 4,1 5,2 =13,5 «27,9 «11,0 10,9 =14,7 23,8
25.0 ekl e0.9 wG.d wllb e1,3 =9.d etu,i =68 «10,7 16,1 .18,8
3.5 latz,6 =1,3 e840 =9,5 atu,7 =1£,7 alt,5 12,y *19,0 =14,6 «22,6
000 lete.§ 8.3 0,3 o126 oH, 8 «d,6 «1),4 e7.u =9.7 «ly.b 21,8
10,0 letd b =18,7 5,7 =20 <H.8 «12,] wlb A «lB,4 «]d4,9 ¢18,2 18,4
(10 |atg.6 v19.4 2,7 3,7 7,8 elteb =i?7.u 12,9 «18,9 ~15,3 »25,2
OPTF;  wmte NOSPL ——
20,0 e2.7 e7.8 e9.7 11,0 =G4 l| =14,4 «13,7 #16,5 «14,7
CONICAL NOZZLE (Run no = 111)
LM1SSION ANCLE CRLLATEVE Y0 JCY EXPAUST) RUFERENCED TO MNOZZLE E€X1T
( DEGRLEE )
PTFy te. 20, 3y, 49, %tu, tu, Pu, 8¢, 90, 100, 110,
FREQ
kit . )
256] 1.0 18,5 3.8 =4p0 4.8 edl] et e1U.8 20,8 e21,] «32,3 *20,3
310 0107 @0.8 *18.3 17,0 =17,8 17,5 =1y,€ 23,9 31,4 ®31,0 «41,3 «32,3
g ete,g 2,2 «11,7 «18,.2 =18,8 olE,E wZi b @24,6 «31,8 32,) «d41,4 32,9
500 |@15.7 1,5 7,9 13,5 »13,6 =14,2 17,1 «20,3 «23,3 «23,2 «28,6 «28.7
1530|0136 0.5 8.2 10,4 =10,d o11.] =144 17,3 «19,6 019,85 «24,0 «28,8
A0 e ,3 0.6 o246 .’,4 @l .4 .a_.l ely,? '!4’0 -l‘_.? v18,9 .2‘,2 Dl’,a
1,00 | 85,4 eg,1 =1,0 3,7 8,7 of, B o),3 «i0.7 =12,8 «13,8 «18,0 =18,2
125 | stet ©0,9 oled odo 5,5 «d,§ ed. b o786 =9,7 =10,8 «13,0 ol1,4
10 | e€ed el t 0.9 @3, 4 ed,d @d,B e2,0 wd,? e7,0 «8,4 .12, 8,2
200 | e8.7 0.3 2.4 2,3 #2.4 el el 6 2,2 4,8 6,8 «10,2 eC.i
D | =d,d Q4,5 1.6 ol,b el wle? 2,2 ol ed,] 8,8 «9,3 «f,0
300 | w36 2,8 1e0 0,9 w1,5 1,7 eve2 0,2 ed,4 =6,) «3.,8 e7,1
hoon | wd.d «6,7 8.7 0,9 2,7 =l 142 w07 ©6,1 =9,6 13,0 «14,4
S w303 eduf wed 2.3 eded <deu 1.8 w1.3 «8,8 »13,7 19,0 «22,6
o | «3,% wb,8 =t.Y 3,9 =1, 2.4 Qo ®2,1 13,6 o18,1 «]3,1 wil,d
Ron | of.7 e2.2 8.3 wBa? wdy 8 e1,3  Heu o11,8 213,80 «9,7 «13,8 «17,4
10,0 w3, 0 23,8 2.6 =4,3 eu,l 3.8 3.0 4,6 9,0 9,8 =2u,) «14,8
176 | wE.y e2,9 wg.8 =10.7 w43 (€ w18 e11,.) «17,6 =14, «10,4 #21,6
o0 | ekl wBl6 eB.2 e750 el.8 oG wblA =By 15,6 =14,1 <210 e24,¢
do |et3ey o708 0.4 =500 o1u 9 k.2 eb.u =14.1 «19,2 «18,4 20,7 28,2
250 | 7.8 «BL0 o3, 5.3 eUlS eU.t ed,7 @B.F 14,0 =12,6 «13,0 022,2
35 | e8.7 e8.3 e8,3 e6,1 3,7 =G0 eb.t 9,2 «12,7 16,4 *26,1 «28,0
40.0 |ett,d ab,? w1@,8 «10,6 o6, 8 2,7 of,® elb,u 217,77 *20,0 »24,8 «268,0
00,0 [€14,3 w9,3 e1d,7 eb.b el 1 b9 eb.0 a17,8 a26,5 «24,4 27,9 30,5
1.0 fett,B «2,6 oB,5 9.4 7.4 @l ] 97,1 ®12,3 =17,.9 19,8 «24,2 v28,4
0PIF, = NOSPL -
23,7 21,0 o33 =6.7 <68 et,u eE.H eB.d =12.1 ©13.2 «17.3 .14,¢
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC;)

M, =08 M_=0 TR

= 600K

DAISY LOBE NOZZLE (Run NO = 70 )

LMISSIUN ANGLE (RLLATEVE 1C JET EXPAUSY) RCTERENCLD YO MOZ2LE EX1Y
( DLUREES )
PTF 19, 20, 30, 4y, %6, eu, 7us B0, 90, 100, 11U, 120,
FREQ
KHZ )
,250[02€ Y o1d,9 224,9 17,0 926,86 20,2 w2¥,7 «3I 6 «36,6050,2041,yn30,0041,3
.315/022,% «11,0 02046 -\? 6 20,0 «22,0 #23,8 v27,2 #30,1240,2033,8020, 2038,
W00[eVES) @704 o16od oBg) 2181 17,7 wlb,? #52,3 «28.204057026.8022,143046
.500{0 14,8 0,5 «13,8 od,0 =11,9 o12.u ®1J,) «16,8 -20.3-2:.8-21.e-eo.l-db¢e
630] ep i et B 9,3 o,s wbod wlol 99,9 o109 «{d,4015,8015,4016,220,i
.800| o7.,4 2,9 8.1 2,1 o3,0 @3, 6 ed,t b6 -ll.?-l? 7213,3»15,0¢18,0
1.00 | o7,0 6,8 8.3 1,0 3,2 2,5 4,9 201 -9.!«10.4-12.0-14 6416,3
1.25 0.0 s11,4 8,7 0_.' '?." -0,’ 02,8 "4_.2 '7" '7_.3 »9,7013,90§3, é
1,60 | 2446 014,9 11,3 3,3 02,2 0,0 614 012 8,8 24,9 «7,9e13,1011,1
2.00 | #4;2 «10,) 016.2 4,3 2,9 1,8 1,7 wy,8 -e.e w963 ©8,7012,6010,8
2.50 | 2,3 «2¢,8 «13.4% 0.0 «2.3 4.3 3,6 0.4 4,0 5,3 «B8,8e11,7 9,3
3.15 ) o@,8 617,6 13,4 el,1 3,y £,6 8,7 2,8 2, 5 »6,3 -9¢7-Il.9 8,9
4,00 L) ene J 2108 =4 i 82,0 E,€6 b, 2.2 =4, 3 ),2 «9,0012, asao.a
5.00 | #1,8 13,4 wigal o2,V «2,0 4,7 6.3 wUed «d,6 =3,1e1), el twtd,2
6.30 | »3.,4 o1g,1 7,0 o|’,? el 1ot J.9 "1,3 "‘4 'eiol“ Oel2,7021,)
8.00 | w€et o11,8 8,0 4,8 8,6 U6 1,) 7,2 «6,3e1l,2011,iuil, a-zo,o
0.0 8.8 8,1 8.9 4,6 1,6 «2,% U7 2,9 e4,4e1d,1014,%220,4019,7
12.5 | ®2.8 13,7 6,2 5,4 v, =2,8 J,¢ 2,8 ao,r b -6.2-|z.7.27 ?
16,0 | ®243 «19.8 oB,2 @7.0 7,1 @32 6,9 2, 8,2 «5,5017,2016,7¢40,9
20.0 01,9 12,2 eo1,6 -6 4 3,3 167 6,3 ®2,6 8,0 wt,2011,3u22, 2-31.0
25,0 | 2.0 13,6 Qo] *2,3 oU,7 2,4 8,6 3,2 4,) -153 R, 7022,730,8
31,5 | =d,1 #17,1 ed,t -é.n 02,5 w2, 4,4 2.4 -1,5 edi3a12,3023,303404
0.0 3,2 «18,6 13,4 -b_? «2,0 «4,8 §,86 wy,4 Ue! '5' Oeli, doll, 2035, 4
50.0 oG, 918,84 @19,d 8,7 7,1 =112 148 wy,9 ol ? -5,0-12;9-lla6-32,‘
63.0 oG,7 o)1,7 «12.7 8.9 7.8 =d.1 lod =3,4 o8,/ @b,0s11,0 #9,6=29,2
OPTF; et NOSPL
24,6 09,8 «18.4 e6,8 2107 <" D b9 o11.0 ©14,9015,6018,0420,9022,1

CONICAL NOZZLE ( Run NO =

98 )

FMISSIUN ANGLL (RLLATIVE TC JEY EXKAUST) RUFERENCED YO NOZZLE EXIT
( NEGREES )
FREQ PTF; 3. 4¢. Sa. 60, 79, &u. 90, 100, 110, 120,
KHZ
2250 [ @06,2 016,3 alS,) »26,3 wJU,B «30,2 a27,4 «31,) 81,1 «40;9 77,3
315 | @20.3 « 10,8 +13.9 1954 24,4 -45,4 20,8 =78,8 =42.8 ©34,3 63,2
500 [ atg 0 8.8 eb.7 14,4 a18,0 »20,2 wib,2 «2500 «37,0 28,8 «87,0
500 [ 012,88 2.5 6.0 #9456 =1de2 o1727 19,0 -aa.o 28,3 23,1 36,2
630 w2, 2,3 el -3, e8,8 »13,1 13,0 w23,3 «21,8 «17,2 «20,3
800 | wd,8 5,6 1,8 0,4 5.4 -Il.u e11,3 «23,0 «19,3 14,9 <26, 7
1.00 | 2,3 8,0 4,3 1,6 02,8 wB,1 e$,4 921,80 =)7,2 «13,1 =24,4
1.25 €. 18,2 6.7 3.9 u.8 -t.8 N <1907 =1407 {15} 21,8
1.60 1. 18,9 B.l BL2 3,4 ed,6 e4,0 .17_1 12,8 9,8 #18,6
2.00 e85 8,8 7.4 4,2 4.9 -S.o 3.4 o14,9 -|o,5 9,0 -16 4
2.50 1,0 1.8 5.3 0,3 6,2 0,7 sl ) el a »8,0 =8,8 -13 2
3.16 €ed B.4 6ol np° 6,8 apl )8 "7 ? «8,2 ’0,9 '9,3
4,00 ) 3.6 4,2 ?,7 6,9 deu 3.3 '04 8 -l.ﬂ 0]2,6 »8,9
5,00 2,1 e85 0,4 =g.5 9,1 4,2 2.8 3,2 7,0 =20,) 6,7
6.30 8.0 3,8 6.8 2,0 B.6 3,2 e0D 3.8 =12, 019,77 =9,6
B.00 | wga2 B8 142 4.9 6,0  lyu =8 wé,? -la,e 16,8 =16, is
10.0 e1,3 8.5 el,l 1,9 8,8 2,1 -ed,? «18,7 «18,4 «{8,2 -17.2
12.5 4.0 0.6 wd o2 I’J 7,2 7l "5,‘ “9,9 *13.3 41,8 'l' 3
16.0 1.3 2,0 4,0 1,4 7.9 8,2 ea.b =11,4 «B,8 8.0 oUs4
20.0 3,2 Q.7 el 8 1,2 dol  aUol obeb al4,0 <108 «9,8 9,2
25.0 2.8 1,8 6.2 U D 6.0 et b o). «12,] eB,8 «12,8 e1d,0
31.5 edyf 1,2 w68 1,y AP @3,) al1,2 06,7 =19,2 «16,0 19,V
40.0 1,8 B8 2,2 B, 6,3 1,& el,4 e2.9 3,0 2,0 »10.4
50.0 3.7 5,9 2,3 e3,2 1,6 wit eP,u wb,8 «1d,0 «9,] 11,3
63.0 eB.l 8,6 #2.8 5.7 6,2 «12.5 wlu.l w11.8 eju,2 *12,7 25,3
OPTF; ==e NOSPL 4
22,4 ot,b6 vd,4 wl,0 o7,4 «12,€ =tt,) «21,5 #22,2 »21,3 26,2




1/3 OCTAVE NTC (aB) WITH RESPECT TO TRANSMITTED SPL (N1C,)
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(LY A, =€,5 ed,0 1,6 7,8 2.2 8,0 9,7 #§3,2 #11,7 #17,2
1.0 1,6 2,3 e3,7 1,0 B2 9,4 4,2 11,7 8,8 7.8 8,2
200 wl,2 0.8 el,7 el 4,2 w(o7 b8 o13,9 10,4 «9,4 4,1
25.0 3.7 1.6 w6l 0,0 6.1 w7 e?7,) *12,2 8,4 «12,7 «13,9
3y el b 1,4 o8.6 1.2 B0 el,u eil.l et,d 2)0,0 «15,8 #18,7
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC{)

= 0.8 . 600
M, MT = 0.08 TR = K

DAISY LOBE NOZZLE (Run no = 86 )

(169108 ANGLL (RLLATIVE 10 JCY LUPAUST) RUFERENCED TO NOZILE EX1Y
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1,25 a8 o11,7 of.) 2,0 248 w247 o1s) 04,7 8,2 9,6 16,0 10,7
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173 OCTAVE NIC (aB) WITH RESPECT T0 TRANSMITTED SPL (NTC,)

n!"".‘ 9
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,)

M, = 0.8

MT = 0.16

TR=

600K

DAISY LOBE NOZZLE (Run no = 85 )

EMISSIUN ANGLE (PLLATIVE 1€ JET EXPAUSY) RLFERENCED 10 AOZILE Exgt
( DEGRELS )

ReQ PTF; 2, 30, 44, By, €0, 7u, 80, 9U, 100, 110,

KH2 ) . . : .
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400] 62§,6 1954 w16,0 =17,8 ©17,8 o2, <16,9 #23,4 =21,8 30,0 «27,8
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10.0 3.8 eB,1 «11,9 3,0 8.6 0,9 6,0 9,2 49,8 «10,8 #18,1
12,5 2.7 8,7 =10.9 =J,6 8,8 Epf 04,3 edy) «4,2 1,8 'l‘.c
16.0 @18 o1t 9 at@ 8 w6.0 1.3 V.6 e1.0 wd,d eb,d4 7,6 17,1
20.0 o7,8 w9.4 ebed w30 eJed el =119 w75 7,1 #10,3 «11,8
25.0 9,2 4,7 wd.8 el 1 8,6 @32 17,2 w0,7 «13,9 w1d,] 17,1
31.5 | @12,1 o17,1 «19,4 «11,5 8,3 @3,7 =1%,2 «13,2 «18,2 «16,0 «i9,2
40,0 | w12.8 «2¢.4 =12.0 9.9 «B8.3 d,B =14,7 «12.d 19,3 *14,5 é21,6
50.0 .“,’ «18.9 «18,2 "-‘p' -,.2 "p‘ "Jpl "i-pg 'lsp‘ -16" 5””
63.0 o8.d 7.9 6.6 el ) 3,8 ad, 1 «0,0 «9,2 8,9 7,1 15,3

OPTF; = NOSPL4

20.7 210,68 oi@.8 oB.9 6.3 7.3 @11,8 #1407 =139 ~17.3 19,8

r:::::::

CONICAL NOZZLE ( run NO = 101 )

%

EMISSIUN ANGLE (RELAVIVE 1€ JLV EXWAUST) REFERENCED TO NOZZLE EX1Y
( DEGREES )

FREQ PTFy 20, 30, 40, B0, €0, v, B0, S0, 100, ‘10,

KHZ . .
250 ] #2909 17,1 @12.9 #2054 #22,5 «28.4 al7.6 o1),0 «29,0 »37,1 #38,1
'315| +2007 «1106 «13.0 <1874 01703 21076 @26,y «3150 =28,1 3171 +3340
400] #17.6 8,9 #9,9 «12,3 #14,2 «1L,0 12;,7 027,06 #22,2 »27,8 «29,9
500 #i3,4 2,9 «B.8 8,9 #10.4 =12,8 17,3 wil,4 10,4 23,1 <28,8
630 #9.8 1.1 02,9 «8,2 0,6 «8,8 w17,8 216,80 «16,2 18,0 «2§,9
800] ®Ge? 3,3 edel 2,0 3,4 5,3 w0 «13,1 «13,2 «1B,3 19,4
1.00 od,? !.‘ to8 0’3 ol, @,y o8,7 '09’0 .“).‘ "2'0 e}6,9
1.25 o8, 8,1 40,8 =34,8 w01 «),8 02,8 w68 =77 «10,2 «i4,2
1.60 .3.: 2.5 3.2 !” i“,' .0'6 --0;8 -il,! -0,0 i’,o ‘l‘p’
2.00 03,2 ed,7 o1,2 a7 121 ;7 CeB 3,1 4,7 «8,4 9,2
2.50 n1e8 #2,6 eg,l 1,7 2,4 3,6 1,0 2,9 «d,9 =7,0 7,1
3.5 «1,6 eof,1 «0,6 0,9 1.2 4,3 38 03,3 04,7 5,1 8,6
4.00 w18 wd,9 e8,8 4,2 2,86 3,2 3,8 w10 2,0 4,8 8,8
5.00 ot d wg,) ), oﬂ_.ﬂ ol,3 Bt 8,1 U0 =2,8 7,90 .0'6
6.30 9.0 014,86 7,1 '2_.‘ lg' 5.5 Ged 0ed -0,0 -BP‘ .",5
8.00 1,2 8,8 8,8 .5’7 o047 7,3 .4 Vel «fl,t 0,3 -|’,j
10.0 w§.) 07,80 8,5 ¥, 4 eI 6 7.3 5,9 w6,7? 8,4 nl.d ei7,0
12.5 4.2 0,6 «9,1 8,5 o),8 7,2 Y, Ued 0,6 »6,6 11,6
16.0 -._.3 .”_.2 l_‘ﬂ.' .7,“ .395 3’3 ,.b "'p‘ .'p6 =742 "0,5
20.0 7.9 otd, | «iB,) wi0. 1 ef,1 2,4 o1,3 «6.8 slf,| v16,4 «22,8
5.0 ©0,2 12,6 o168 =11,0 wb,1 wd,d 2,6 w?,1 13,8 el14,0 «28,4
1.5 2.8 nll_.’ 18,3 o‘ﬂ,’ 08,0 @3 B w8 -ll,? OlU’O .QQP‘ 3,0
0.0 ®B8,8 019,06 o13,9 «13,7 6,6 0,4 7,0 nll,u «13,8 o17,6 o21,2
50.0 -7,.5 =0, 9,2 .Q'J wd 7 0.5 "p’ "up4 "pe tlﬁ,o .'9,2
63.0 11,7 w6,2 =10ed «11,8 10,5 =l 0 7,6 »14,4 «16,3 =17,0 ©22,0

OPTF; -t NOSPL

23,3 eD.7 o85.8 6.9 08,7 o8, w2,1 012,3 «13.0 *16,1 «18,6




1/3 OCTAVE NTC (dB) WITH RESPECT T0 TRANSMITTEb SPL. (NTC)

‘ .‘\GF‘ ‘s
<A i " = = =
(’\l\c‘“\”gJ ey A :‘.r\q MJ 0.8 MT 0.16 TR 600K
S\
. ?0;)1
OF DAISY LOBE NOZZLE (RUN no =85 )
EPISSION anGLL (PLLATIVE 1C JLY LXPALST) RLFERENCED TQ NOZZLE €£X17
( DEGREES )
Freq PTFy 20, Ju, 40, ¢n, P, Hu, 90, 10O, 110,
KH2 . . . .
250 | w27.8 «15,7 «24,1 26,4 o307 wib,d 1,7 «32,0 =4y,8 =36,9
315 | #23,8 12,4 19,2 =21,0 24,8 wil,9 «26,7 «27,0 =33,7 =31,0
00| #19,7 e9.8 15,1 w169 e20,4 oIk, U $22,5 22,06 =23,1 26,7
500 ©17,3 ®2,9 12,4 =14,3 of€,% 15,6 «19,4 18,0 23,6 =22,0
630| #tde =6.1 wU.) «lULY el2,1 ®12.4 o19,7 «}3,7 18,9 «17,7
800l e11,3 4,6 €643 =2,0 wBo6 elugo) #13,1 »11,2 «15,0 «18,4
1.00 eb,l =4, 4,5 4,9 wb,t wE,] «w]U,8 =9,2 11,8 -‘3'7
1.28 6,7 3,9 2,9 2,1 @d U o8,y wB.1 @6,8 «B8,8 «12,0
1.60 wd, 6 «3.9 e1.8 Q.1 wled od,i 8,8 4,9 =6,7 «10,9
2.00 ed,;t ed,g el,4 1,4 1,8 2,0 ELIS. 3,0 6,2 «10,4
2.50 w20 =4,5 1,13 2'.3 . 3'.“ e w32 3,6 “7,1 ®10,2
3.1% 2, «d, 8 eled 2’? 5,0 3’7 '0,‘ "4,4 -5'9 9,8 "’p‘
W00 | 1.6 #8.8 2.8 2,0 5.7 3.6 1.7 ebyd e7,7 =11,4 =12,0
5.00 otal 6,9 e3.0 2,8 6 €.2 1.7 2,4 ef.1 =14,5 «11,6
6.30 ot b ol¢ .4 8,2 1,3 5, d 8 eu,6 w3,5 7,7 =9,5 9,9
8.00 o1 ,4 5,6 oo 0,0 7, 5,4 k.4 s14,) e]4,6 =12,7 =g, 6
10.0 3,2 72,8 «11,6 3,0 6 1oé 8,7 w8,9 9,2 «10,5 =14,8
12.5 2.5 08,5 «lg,] =3,4 -] J.1 =4, «3 B8 4,0 e1,6 o11,4
16.0 1,7 «11,8 «10.5 5.9 t 7.8 su.9 wd3 6,3 =7.5 16,9
20.0 o/.8 9,3 =6, =34 3 wlof =1i,8 7,4 7,0 «10,2 «11,4
25.0 20,2 #4,7 4,8 4,1 o5 os’l «17,2 9,7 «13,9 =14,1 17,1
3.5 | ®12,0 17,1 16,4 «11,5 e3,7 «18,2 o13,2 a15,1 =16,¢ ©19,2
40.0 wl2.8 019,90 #12.0 =98 o5.) ed.7 =14,7 =12,4 «19,3 =14,4 «2],6
50.0 | #14.6 15,8 =151 «13,8 7,2 «9,3 13,0 12,9 19,6 «16,3 «17,8
63.0 w78 6,4 ob.0 =3.4 @3 & el,9 8,6 =8,) =6,8 «14,8
OPTFt NOSPLt
21,3 o985 w1ged 8,1 €.l i1 14,2 =13,4 «16,7 =143
— |
CONICAL NOZZLE (Run No = 101 )
LMISSION ANGLL (RLLATIVE 1C JET ExkAUST) RLFERENCLD TO MPZZLE EX1TY
( GLGRELS )
rrea PTF¢ 2e, 0. 40, to, 2u, 80, 90, 1v0, 110,
KHZ
Zﬁg #25.1 16,5 «17.3 #19,8 w248 31,9 ad7,2 *29,0 =36,5 =37,5
151 =24at 219,9 *12,3 «14,7 “16,3 25,4 «U,4 24,8 30,5 #32,4
oo ®17.4 #B.2 9.3 =tl,0 “16e) wi7,U *56,9 ©21,5 »27,1 =29,2
‘630 12,9 2,3 6,0 =8,4 e12,u =16, “20,8 «18,8 =22,5 =2%,2
“bon -9.: 1.5 2.5 =4.8 Bl 12,4 o16,4 ©15,8 »18,8 «21,9
;G0 et 3.8 @) -lle 2,1 8.8 012,8 13,0 15,1 «19,2
9% 4.7 4.6 2.0 9,3 «2,9 5,7 9,8 «10,3 ©12,4 16,8
N o8,1 5,1 «d¢,.8 =34,5 el e7.8 6,8 7,7 =§0,1 otd,2
360 =33 2.8 2.2 1,2 w0o6 sUsl . 1o 8,8 =9,0 =11,6
2 50 d,i 4,7 el,2 0,7 1.7 1B w31 =4,7 8,4 =9,2
3‘-'5 s,y *2,6 =@,! 'pa 3.6 fot »2,9 =4,9 ‘7,0 "'l
14. . ol 6 el ! Y ] 0,9 4.3 3.0 -03_.3 LY N ] w8, .5,6
.0 ot € ed,§ 8,0 ed,2 3,3 3.8 w1,9 2,0 =4,8 =5,8
Z.og 1,4 8,1 o7,) =b.8 Bl 8.1 Uy =2,8 »7,9 =5,6
8-30 ot 8 010,06 o).l =2,4 BB 6,4  u,d 8,8 <5,4 19,8
o 1,0 «B,4 oB,4 b6 7.5 3.5 U8 «il,0 9,2 e17,2
‘2-5 g b 7,7 8,4 5.3 7.4 ol wte8 28,3 =7,3 18,9
s 4,2 06,8 9. B, 7.3 7.u U4 «0,6 #6,6 »11,5
20'0 ."n' "'_.‘ '9.’ '7'7 3.5 ’.’ --!,2 .955 '7_.0 .'U..‘
20.0 a8 o14,9 «18,1 «10,0 «2,3 wl,3 6,4 o111 «16,4 22,5
f;._ «G,1 012,95 16,8 =11,9 ®2,4 2,7 w7,0 «13,8 14,8 28,4
ioé 12,4 18,0 18,1 aib,7 ad, 8 eb b 11,2 14,0 21,4 31,0
ro.s .g_,a .05._5 «13,7 13,5 Ued =1,9 ®10,9 «13,4 =17,5 21,1
50. v, B,/ eB.0 =b.0 1.6 1,4 w6, eB,4 «11,7 »i8,0
3.0 wy,E wd,9 eB.1 ®Y,0 @18 5,8 w12,6 «1d.2 ©15,3 20,7
OPTH, s NOSPLy
23,7 2.7 5.3 6,4 B, wb,6 w11,8 =12,8 =15,7 «18,2




1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTCy)

M, =08 M

= 600
X T = 0.24 TR K

DAISY LOBE NOZZLE (RuN NO = 128)

€M15810N ANGLE (RLLATIVE 1O JEY £ amAUEY) RLFERENCED 10 NOZZLE EXTY
( OLGRELS )

PTF4 36, 40, 50, 60, 70. tu. 90, 100, 1104
FREQ
KH2 . . . . .

.250) 17,6 e1§,3 #18,8 <16, 11,7 =18,3 #28,1 012,2 =16,2 =24,4

"315] e2450 17,1 21,8 =20,2 o1850 1053 «26,4 #16,6 *20,) 26,9

"200] 621,39 #17.4 #21,8 «20,7 1804 18,6 w26,6 017,3 20,7 »27,2
.500] ¢17,2 11,4 217.,3 =17,14 of), sld,] =18,8 «18,4 »19,0 ©22,0
.630] w18, 08,8 14,9 =15,y 0,1 “1158 «16,1 o14,2 @17,6 *19,6
goo| #f2,2 ®5,6 aito? w12,1 46,8 ofs2 #13,4 =11,3 14,0 =16,8
1.00 | etdet #3ed 0.8 «10,) 4,8 7,3 ell,3 €93 e11,8 =13.9
12 | ebe? 2,9 9.2 «9,) 2.6 o8,6 =10s0 =8, =10.0 11,4
V6o | 7.9 ed.2 9.6 <87 elgl 3.0 wb.2 7.8 9,8 9,8
2.00 el 04,2 e8e7 7,3 50,2 2,0 =bil 8,1 =10,8 «940
2.50 | 2,8 s1.4 4.8 o2 4,6 1,2 el 98,2 8,7 46,8
3.15 | =4,4 7485 =08 =40 4,4 0,6 4. w8,0 «8,8 =122
h.00 w2,d »19,7 9.6 3,3 6,3 2,6 3.2 wB,8 6,7 7.8
5.00 03,7 oig.0 =9e7 «3.8 741 wlyd edau =13,0 a7,4 *8,7
5.30 | #8.7 «14,2 «1%.0 o7,6 4.8 w74 .0.3 wilal =18,4 ©19,6
B 00| wt.0 8.8 7.4 «2,0 8,0 =d,! w4, 3 @48 210,0 9,6
10.0 o807 oB.i w7s4 =5.4 108 B2 wb9 wd,0 o8 =82
12.5 il!}d ill,! 1242 .u'u Us0 -Ep‘ ) "‘96 «10,0 -10,6
16.0 ou,9 o110 o18.8 15,8 2200 8,3 v4.7 =117 10,1 =18,3
20.0 .7‘.2 «9,9 ‘.‘.6 -‘2,‘ ‘2;4 “_.a 243 »?,6 ‘:_.i "2_0:
25.0 o749 *7.8 elde? #9,5 2,0 b4 wu,d w75 =9,0 ¢11.2
31.5 0d 9 o046 =10.8 Y PO VY o3,7 2,0 wie3 4,4 2,8
40.0 ey 2,8 3.8 ot 6 B 2,8 5,9 3 1,8 =3,8
50.0 w7.g ©6,4 «12.9 11,3 #2.8 03,2 2.8 wdyd 6,0 =69
63.0 «f 8 8,3 8,9 ell,! wlg b -loB w16 wdeO 3,4 7,6

OPTF; - wmar NOSPL;
20,9 0,9 =12.2 10,9 3.t #70d o106 #1038 212,08 oid2

CONICAL NOZZLE ( RUN NO =103 )

EMISSION ANCLE (RLLATIVE TC JEV EXNAUST) RUFERENCED TO NO2ZLE EXIY
( DLGREES )

PTF; 3é, 40, 5. 0. J0. o, 904 100, ti0,

250 628.7 »16,6 «20.3 =22,9 #24,1 o264 ¥20,3 #a?,) «36,2 =36,7
.315]| 821 ,2 12,7 «t3.4 =12,4 e19,0 w220 @22,0 «23,3 «30,9 e31,8
00| ete,0 o14.7 13,1 =18,0 16,7 «19,8 20,8 vau,d =29,3 #29,4
500| 16,2 8,0 e8.9 «9,9 »12,4 wi6;50 e17.6 «18,3 23,0 24,9
630| w117 oB.e 8.2 6,0 0857 o12,8 14,8 ©15,1 «19,0 «21,0
800| wUs8 2,4 2.2 <27 o8,8  «0,8 =12,7 «13,0 16,7 #18;8
1.00 | 7,1 eisd egsl =10 3,6 o, 3 =11,8 »ily? ai8,1 #16.8
1726 | w0 1.2 0.1 0,8 o158 6,8 «10.0 =il 812,90 oid,0
160 | o8,4 ®2.7 o€e2 1,1l 0.8 el 8 7,8 07,9 «i0,l 11,8
200 | od,d 6,1 et d 1,8 134 42,3 w8,0 94,9 0,8 =8,1
2.50 | w3 4 wB,8 el 1,6 1,9 =l odol wdg? «B,4 8,9
3.15 | 2,2 0.0 1.8 2,9 2.7 0,2 9.3 wd;8 3,9 =5,8
L.00 03,3 et,t 2,3 =
5
6
8

50.0 e?.,4 8,1 wh,8 ot
63.0 wtg,l ©B,7 «ig,8 <=8

152 2.6 0.7 =la? abpt «8,0 =7,8
.00 e4.0 4.8 e1.d 1,7 1.4 <0, e84 wd, U 10,1 T
130 | «8,3 2.2 edsd «d,i 1.4 w2, b oB,2 8,8 18,9
.00 8.8 ed, 4 P | -2’5 3.1 =49 .ld,? ¥,y 2 9, wi?e0
10.0 . 1,2 1.0 0,9 2,3 4,6 =12,) 4,8 w8,y 19,7
12.5 ey 2,8 2.7 47 9. 2.4 wq,7 08,8 9,2 *10,2
16.0 02,0 3.8 19 1,2 6,0 <«0.3 odod o12,8 e12,2 =18,8
20.0 o8 8 ¢16,7 oi0,] w88 2,6 <38 wly,8 old,l 18,6 »15,8
25.0 | w9e8 o114 w0.3 6.1 «i,7 06,5 10,3 14,3 «12,3 =16,8
3.5 | #14,2 »12,4 =11.8 0,8 w0p7 «b,7 =12,2 #20,8 =21,1 »21,1
40.0 wG.d w8,8 od.b o,g 1o6 @€oB o163 e16,2 18,7 ©20,.8
3

201 4,3 ~|9,; 16,3 ©17,8 =24,8

el B wSol ®18,7 =¥l 22,0 »21,7

OPTF;  =ee— NOSPLs I

23.2 wb, 9 '503 .‘.-’ wd, 8 wde2 -|9¢j .|2.3 "“l' "7.0

236




OR] 1y 173 OCTAVE NTC (a@B) WITH RESPECT TO TRANSMITTED SPL (NTC,)
PUINAL pAGE 1y
OF roog QUALITY M, = 0.8 My = 0.28 Tp = 600K
. ' DAISY LOBE NOZZLE (RuN No = 128 )
EMISSTCN ANGLE (RLLATIVE TC JLY EXBAUST) REFERENCED TO NOZILE EX3T
€ DEGREES )
mea | PTFE 3¢, 40, 50, &y, 20, bu, YU, Jov, 110,
KH2

250 | w16,0 13,7 17,1 o15,2 @lUsl =13, 7 w2l.d o10,6 «1d,. 22,8
315 | #26,6 16,8 21,1 19,9 o1d,7 =17,6 #20,) «16,3 16,9 «26,8
40D | #2141 ©17,1 =21,8 020,94 #18,2 ¢18,4 20,3 1741 ©20,5 »26,9
500 | e¥E4Y w11 .8 =16,8 =16,7 211,00 o137 «18,5 oi5,0 18,7 «21,7
630 ] w14,6 8,4 «14.9 =14,0 8,7 11,3 =15,7 =13,8 «17,2 =19,2
.800] 8118 af g o11,3 =118 6,3 @B F «13,u «10,9 «13,7 »16,2
1.00 U, 8 o3 1 9.4 =10,0 edel @7,u =114 9,0 11,2 ~13,8
1.25 8, 2,85 8,8 8,9 «2,2 «E,2 6.6 07,7 9,6 =110
1.60 7.8 03,9 29,) wB.4 @0,7 @€ eb,¥ el =9,4 =9,
2.00 @7.0 w4, 8,5 «?,2 eU,l w2.,4 2,9 eB,0 «10,) 8,9

2.50 2.3 e8.4 o4,) #2,3 5,2 2,3 w2,8 wd4,) 5,1 =6,2
3.15 3,8 7,3 ~8.) ed,b 4,6 (b ed,2 w58 «8,0 «12,0
&.00 02,0 *10,4 «9,) =)0 6,6 J,u 2,9 w85 6,3 7,8
5.00 02,8 9,9 ey, @34 7,2 el d 02,9 12,9 7,2 8.8
6.30 w86 o1d,1 w14, wled 4,9 wb,S 09,2 =11,0 18,2 =19,8
8.00 wt,d 5,4 7.0 el,b 8,4 3,7 3,9 ed,4 «9,6 5,2
10.0 “8,d «d,B 7.1 5,1 2,2 wd,9 w6t 04,2 <d4,6 =7.9
12.5 P ~11.4 12,1 wBG Ul eB.4 95,4 eB,6 «9,9 »18,5
16.0 wY,7 010,9 =18,3 «15,6 2,8 8,2 4,0 «11,5 «1U,0 =18,2
20.0 7,1 «¥,8 14,4 =12,3 2,3 ed,7 2,2 »7.5 3.0 «12.2
25.0 “6a9 #7,8 <1046 =004 el 9 w€,3 eG4 97,8 <B,0 <11,y
31.5 03,7 «E.3 «1g. 6 w69 1,9 w3, 4 2.2 wl,1 =d4,1 =2,6
40.0 166 3.6 =3.0 =0.8 5,8 3.3 6,6 3.8 2,6 -2,8
50.0 w6,4 5,8 a12.4 ¢10,7 2,0 2,6 2,0 3,5 =5,5 8,3
63.0 w36 el,l e6,6 =B,Q U  Ul4 0.4 92,3 =1,0 5,4
OPTF; et NOSPL}
23, 6.5 s11.9 =1030 2,7 o6.) =10.2 =10,2 «12.2 =13.9
ﬁ
CONICAL NOZZLE (run No = 103)
§MISSION ANCGLL (PLLATIVE 1(0 JE; L{F;UST) RECFERENCED YO NOZEILE EX3T
DEGREES
- PTF¢ 38, ¢, S0. 6y, 70, &u, 90, 1fou, 110,
KHZ
SO 22,4 213,8 «17,1 219,06 a20.8 23,2 #23,0 #23.9 «33,0 +33.4
S3VL T Wil 6 w141 12,8 14,0 o16,d =19,4 wiu,U viU.6 28,3 »29,2
JBOOL 7.0 @B.7 @att ] «13,0 #14,7 17,8 «186,7 =18,3 «27,) =27,4
5001 @13,6 w6,8 o7,2 @8,) miU,B 14,4 =16,0 =16,6 «21,4 »23,2
6301 014,7  e4.1 4.1 25,1 e7,8 o116 13,6 #14,2 «18,0 *20,1
. 800 w4 22,8 of,0 @2,3 o8,1 .8 17,3 212,6 «16,3 18,1
1.00 7.2 =1.3 =@ T 20,9 3,8 «B8,2 «t1.4 =11,8 «18,0 =16,7
1.2% ol wi,2 0.l 0,0 @1,9 «€,6 »9,9 =100 «}2,9 »14,5
1.60 -5.4 -2.7 .0.2 1.1 uhi,§ wd 8 2.7 '.’_.9 -w_.l LI )
2.00 04,1 «6,1 of1,4 1,5 1,4 «2,3 wd,9 ed,9 «§,5 «b,1
2.50 oY .E 85,5 ef.4 1.0 1.9 @l 4 ed,l »d,7 oB,4 6,9
LI Y 2,1 Q.1 teb 2,9 2.7 0,2 *2.,3 4,8 3,9 =5,9
4,00 23,3 el «2,) «1,2 2,6 0,7 1,7 6.0 «85,0 7.8
5.00 @), ed. 4 whed |'.’ fe? -0‘.5 '3..3 "J_.g *10,1 »16,8
6.30 od Yy P l.? .?’6 1.8 O._.’ -0_.4 '.4p8 .Bp’ '1504
8.00 e5,3 4,2 8,1 2,3 33 wd,6 =13,9 w8,9 =8,9 »i6,8
0.0 o3, ! [N 1.6 1,6 2.9 «d,u =11.7 4,0 8,7 10,1
12,4 t,¢ 2.7 2.9 a,9 9,3 2,6 ©a,5 wb,d4 w9,y «10,1
16.0 2.4 2.8 1,06 l_.ﬂ 6,2 .U_.l 0,2 »12,4 «12,0 «18,4
20.0 6,8 10,7 @16ed =9,8 2,8 23,9 =tu.H »14,1 «18,6 w5,
25.0 w98 il 4 w2 @B @17 ef.5 wiyu,d #14,2 «12,) «ib,0
3.5 vig,2 *12,4 =118 =6,0 ol0¢7 w€o7 wi2,2 20,6 «21,1 «21,19
40.0 (.1 »5,0 ed,d 0,6 1.8 =€,7 e1t,2 o160 =15,5 «20,4
50,0 @G, ¥ e7,6 wl,l wd,f 2.6 wJ b ei1,0 «1b,0 17,3 «24,3
63.0 ol 0.V 8.7 =6.6 Tl wlol «13,9 07,2 «20,4 «19,9
OFTF, -~ NOSPLy -

24,7 4,6 o340

1
(2]
et
~

o4 27,7 =148 »10,9 #13.6 15,8
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTCy)

= = =
M, 1.2 My 0 TR 600K
DAISY LOBE NOZZLE (Ruw No =83 )
LHISSION ANGLL (RLLATIVE Y0 JEY EXRAUSY) RLFERLACLD TO MAZILE X1V
( DLGRLEE )
PTF; d¢, S0, 64, 70,
FREQ
KHZ )
.250] 614,90 «11.,9 o110 7,6 0,0
.315| @12,6 «18,9 =13,u =10, 4 @11,2
L400f w18,3 20,7 «13.4 =111 #1),6
.500| «16,0 23,2 =i1e4 olu,3 o¥,8
630] 818,27 31,0 9,8 9,0 8.4
.800 ﬁls.‘ 27,6 o7.8 -’pb wl,0
1.00 | #1141 23,9 48,2 «5,2 3.8
1,26 | #9942 019.8 o3o2 37 e2.0
1.60 | 740 619.8 edo9 0,6 U2
2,00 | eded o116 1.7 2,00 1.7
2.50 | ®d.8 8,0 18 J,a4 .2
3.15 »2.,2 4,6 4,0 6,6 wouod
4,00 ded #,8 5,7 9,8 eu.d
5.00 2.4 2,8 9,7 12,0 2.3
6.30 1.9 J.9 1.8 11,7 1.8 DATA FOR
8.00 | ~2.2 od @113 7,0 o6 THE REMAININGANGLES NOT ANALYZED
10.0 o5,8 2,7 3,1 3.0 6147 DUE TO JET NOISE CONTAMINATION
12.5 =q,C 2.3 4, ",3 TIPS |
16.0 -éi’ w2,4 4.0 0'3 -3.3
20.0 | 12,9 4,8 =19.0 06,4 =lu,)
25.0 | otded =l @ wd.7 6,0 «9.4
31.5 «7.8 8.2 .7 1,4 ed,0
50.0 | w1448 #0.7 6.9 =38 ed.8
50.0 4,7 2,1 eg.8 1,6 eu,0
63.0 v6,0 3,5 ¢.° 2.2 4,0
OPTF; NOSPL;
2408 =6.2 3.3 0.2 ed.E
—_———
CONICAL NOZZLE ( Run NO = 99 )
PTF:
FREQ
KHZ
.250
.315
. oo
.500
.630
. 800
1.00
1.25
1.60
2.00 DATA NOT ANALYZED DUE
2.50 TO JET NOISE CONTAMINATION
3.15
4,00
5.00
6.30
8.00
10.0
12,5
16.0
0.0
25.0
31,5
40.0
50.0
63.0
OPTF; = NOSPL ;
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1/3 OCTAVE NTC (aB) WITH RESPEFT TO TRANSMITTED SPL (NTC)

My, =

1.2

My =0 TR 7 600K

ORIGINAL T AGE TS

i . vl s -
' or voon TR LAISY LOBE NOZZLE (RUN No =83 )
LP18810N ANCLE (RCLATIVE 1€ JLY LXPAUSY) RLFERENCED YO NOZZVE EXLY
¢ DEGRELS )
46, 506, 60, 7V,
FREQ PTF¢
KHZ .
J250| =Y. o8,3 ed,4 =0,9 2,4
315 | #1644 ©1€.7 11,7 89,2 8,0
oo | =178 19,9 el2,6 «10,3 »1U,8
500 | =16,2 022,83 18,7 9,0 9,1
630) wt8.1 00,4 D2 9,0 2.8
‘800 | ®12,9 €27.2 o7.0 7,2 08,6
1.00 ele,? 23,4 4,7 4.8 el 4
1.25 el b «19,5 3,0 O?_.O ole7
1.60 8,8 <18, 3 og.8 0,0 =040
2.00 04,2} #14,9 (] 2.7 1,8
2.50 w4,4 «8,9 1.9 3',.5 U
3.15 2.2 =4, d,0 6,7 =0 3
4,00 ded 6,4 8,8 9.8 Ul
g0 | 2.4 2,8 8.7 12,3 23
6.30 -.; f.t i.g l:’,u 1.9 DATA FOR
8.00 .t . =18, o8 0,3 THEREMAINING ANGLES NOT ANALYZED
10.0 5,5 «2,4 2,8 3,3 1,4 DUE TO JET N
10.9 cals e2n2 3 -I:I w3 0ISE CONTAMINATION
16.0 wG,4 =2, Q.3 0.6 3,5
20.0 12,9 od,B «1g,0 -6,,3 @lO,t
25.0 ota,) ol,@ =4,7 =6.0 9,4
31.5 «/,9 0.2 0.6 <«1;4 3,9
40.0 otg,d «b,7 5.9 3.4 4.7
50.0 ed,d 2.1 =@ 7 1,7 0.0
63.0 w6, 4 3.8 0.8 2.3 @40
OPTFy  —et— NOSPLy
25,3 5.7 =2.8 0,3 4,0
CONICAL NOZZLE (Run No = 99 )
PTF¢
FREQ
KHZ
750
L3
oo
.500
630
. 800
1.00
1.25
1.60 DATA NOT ANALYZED DUE
: f“] TO JET NOISE CONTAMINATION
240
3.15
L0
4,00
6.30
&.00
10.0
12.5
16.0
20.0
25.0
31.5
40.0
50.0
63.0
OPTF, - NOSPLy -
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC))

M =

o

1.2 M, = 0.08

TR=

600K

DAISY LOBE NOZZLE (Run No = 84 )

LMISSION ANGLE C(RCLATIVE 10 JET EXWAUSBT) RLFERENCED YO NOZZLE EX1T
¢ DUGRLES )
PTFy 16, 90s 0. 40. B0, Eu, 70, 80, 90,
FREQ

KHZ ] ) . . . . .
.250] 923,2 19,2 «29,3 435,85 «39,6 «30,0 =10,0 40,2 #20,2 *14,8
.315| 92349 $108,2 «26,4 31,1 633,4 929,84 S18,0 «37,0 =23,1 #19,0
.400| 822,89 17,4 »23.8 =27,6 #20,0 48;1 *12,9 32,4 622,6 19,5
.500] 029,08 ©17,7 «22,8 «24,7 «24,1 «18,0 #13,) ¢20,2 »18,2 «'7,1
630] 919,08 29,8 28,2 623,14 219,06 o13,9 616,3 «14,9 15,7 «15,)
800] 916,68 021,38 a21,8 420,85 17,1 oll,4 a14,2 «12.8 13,4 «13,0
1.00 | #13,7 »if,4 iiﬂ.l--l.,, 18,2 8,9 '05.3 ©10,6 «i1,1 »§0,9
1.25 | »'4e? 18,8 14,9 -'6’3 *13;3 6,3 w3 4 8,8 8,8 8,0
1.60 | ©7.3 512.5 «13,8 «13,4 «10,6 3,3 1,1 6,7 6,3 6,9
2.00 | =48 «9.7 @11, =t1,1 8,8 a0, 4ed 04,8 04,3 o585
2.50 l,0 b 1 ol,2 wB.4 8,9 2,1 7.8 22,4 1,6 #0,4
3.15 1,9 62,2 o840 8,4 o3, 0 E,4 10,2 90,8 2,4 =0,
i.00 2.4 Q.1 o3i1 o3, 8 o168 €€ I1.1 0.4 4,8 0.4
5.00 3.6 2,3 et.) 1,9 0,3 8,3 12,4 1,4 4,6 0,0
6.30 4.4 G.8 2,0 ca’l olel -8,4 Opa D'p’ 0'0 5,3
8.00 | =3.7 «d,8 8,8 8,3 o35 0,1 4.0 7,4 &0,3 4,3
10.0 #d,2 11,6 oD, 4 w66 8,2 <8,4 sy,l 8,0 8,0 3,4
12.5 1,3 o11,8 46,0 «0,6 144 «8,8 (%4 6,9 0,9 =4,0
16.0 '2,4 -lS,O '|..‘ .5’7 -B.S .l's’! 0.3 3..‘ .9_67 .."
2000 | *3.4 o12.4 219,68 8,3 5.6 «i0,u 4,4 i1 2,8 0,9
25.0 .‘_.’ ] l,l) 3'6 ‘.° '2,6 4'9 0',3 .": iﬂ,’
31.5 ®3.4 o13,1 alt ] o6, @43 4,4 1,8 08,4 2,8 3,)
%0.0 4,3 012,7 oltal w7,2 w61 «6,2 w1,6 «10,0 12,8 12,6
50.0 wi,d 8,3 8.6 ol,i el d 2,7 1,6 8,2 1,6 8,2
63.0 2.6 1,8 Qe 3.4 6,3 4,8 [Py} 1.2 9,8 6.2

OPTFj e NOSPL 4

24,8 13,7 «id.¢ e13,0 o111 «7.9 0.8 10,4 eod,1 2,9

—_—

—

CONICAL NOZZLE ( RuN MO =105 )

EMISSION ANGLE (RCLATIVE :oo

JEY EXKAUST) REFERENCED YO NO2ZLE EXIY

EGREES )
PTFi 2.. Jo. 49, 80, LT 70, 80,
FREQ
KHZ . . . .
.250 | o280 ©18,3 «18,6 =20,1 #2141 e27,0 #36,4 ¥33:0
315 | 19,7 o18,3 @13.2 14,4 «18,4 o17,u ¥21,9 20,9
00| wt6,9  o7,8 w14, 11,5 #12,8 «14,4 19,7 w246
500| 012,90 wd,4 a8,6 7,4 @8.3 10,1 =18, @16,7
630] w92 elel wl 0 ed,8 edod e6,4 =1l.4 o124
800] @B8,7 2.9 3.9 0,86 0.9 dd,u §,) ey,
1.00 02,7 6,2 4.2 3,7 1,9 el b 63,0 w84
E I IR ARSI R R T
1.60 Je 13.0 14, . el 0Je7 @V NING ANGLES NOT
2.00 238 107 11,8 99 8,2 8,0 wi,3 w3, R.?}fvfgﬁ DT::E :gn.?alt NOISE
2,50 3,9 14,6 10,3 7,8 6.7 6.3 1,2 1,2 poNTAMINATION
3.15 1.8 12,0 6.4 2,9 2,8 4,9 3J.B 1,1
4,00 .8 8,4 3.3 0,2 0,0 8.2 ¢33 2
5.00 '.a 0.8 8.0 -4,5 'l.o ”‘ 7.0 !.G
6.30 2., "’a ‘.' -0,.0 0,‘ 6,9 8.5 "9
8.00 3. 19,10 B 2,8 3,0 8,7 10,2 I
10.0 7.0 13,4 12,1 12,8 10,8 6,0 11,8 8,7
12.5 4,2 8,7 8,9 95,2 95,3 8,8 11,7 6,0
16.0 16 10,8 7.3 8,0 A8 3.8 5.8 8,2
20.0 .'”s ’..' 4.0 3’. '.' l.& .:" mU,U
25.0 2.8 8,5 4,0 1,7 0.4 92,8 B0 6,2
3.5 ".‘ 5.5 5.0 b,ﬂ 3.9 l’; -Hl.ﬁ ""‘
ko.0 «3,3 ¢ 3.8 2,0 2, 1,8 el »7.2
50.0 01,3 1,6 3.4 2,7 2.9 wU,9 eRU 7,2
63.0 8,4 1.1 3,0 Q.4 0,4 ol 4 Bl 9.4
OPTF; = NOSPL s
20,9 4.8 1.7 0.6 e1,0 #2.8 wd.b =8.3




227

1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTC,)

MJ = 1.2 M.l. = 0.08 TR = 600K

DAISY LOBE NOZZLE (RuN No = 84 )

EMISSION ANGLE (RLLATIVL 1C JLT EXPAUYT) REFERENCLD TO NOZ2LE EX1Y

( DLGRELS )

164, 20. Ju. 40, %0. eu, Fo, 8u, Yu,
fmeq | PTRE
KH . . . . N
fzso «22.9 oiB.9 29,0 «35.2 #39,2 ¢§t.7 =16,4 =4b,9 «20,0 =14,6
315 ©23,6 «17,8 a26.¢ «30,7 #33,0 26,1 =14,6 «30,6 422,7 18,6
oD | #21.8 $16,3 23,2 «27.0 #28,3 24,4 =17,3 «31,7 «21,9 ~18,9
500] #18,.8 17,1 «21,8 224,14 «23,5 «17,4 19,4 «19,6 «(7.8 16,4
30| #1HLE 25,3 w24,7 =22,9 =191 13,4 16,7 «14,4 «15,2 «14,8
800 | 9.1 220.8 21,1 +20,0 =16,6 «10,§ 13,7 «12,1 «12,9 »12,5
1,00 | #13.Y «18,4 o1H.€ o17,8 otd 7 =834 7,8 =1usl «10,6 ~10,4
1.25 | o183 »18,8 «16,8 =16,y =12,9 .8 eJ,u wB,1 eB,4 =B8,8
1.60 6.8 o12.1 ©13,8 13,1 =102 «3,u 1.5 wh8 5,9 «6,6
2.00 | ©4.2 «9.3 «11,0 «10,8 <81 0,5 4.7 4.2 =4,0 =5,2
2.50 we,? 5.7 7.5 8, 5,5 2,5 2,8 2,0 2,0 =ud
3.15 1.8 =2,8 4.0 <52 2,0 E,6 lu,4 el 3 2,9 eud
4.00 B Gl ed,0 23,8 el1,6  E,6 Ui, U8 4,8 0.4
5.00 3.6 2,3 od.l of8 U4 B3 12,4 1.5 4,6 =0,9
6.30 €.8 0.0 2.8 w3g1 elel B4 0.3 el.) 0,1 8,3
8.00 a2.0 2,8 od,) =3,06 1,8 1B 5,7 wb,F 1.4 =2.6
10.0 a2.4 19,8 8.6 '5_." e4,4 ".e ue? "7_.2 6.7 =2,6
12.5 2ol olt ol #5.3 0.2 2;1 @4 B 1u.8 7,6 1,7 3.3
16.0 2.2 »13,6 =108,2 5,4 =8, «12,9 6,6 3,7 8,4 ~8,1
20.0 3,2 +12,3 «10.5 "6,.’ =5,5 9,6 4,8 1,0 =2,8 11
25.0 2.2 0.3 1.9 4,5 5,3 3,8 8,8 <u.d eld 0,2
31.5 3,3 o13,0 =110 =b,8 4,2 ed,4 1,6 5,3 2,8 3,3
k.0 Q.3 0127 =1t,) 7,7 s6,1 @€t olb 9,9 12,8 12,6
50.0 et,3 8,2 5,8 =1,0 eled wl 6 el,4 6,1 1.7 8.3
63.0 2.9 et 2 9.6 Ja.4d 6.6 [ Vo4 1.8 9.8 0,8
OPTF, et NOSPL
24,5 13,3 014,2 «12.6 =107 «7,6 2.4 10,0 37 2,6
CONICAL NOZZLE (run wo = 105)
LMISS1CN ANCLE (RLLATIVE TO JET EXRRAUSY) RCFERENCED TO NOZILE €XiT
( GEGREEE )
PTF¢ 20, Yo, 4y, Sy, ¢tu, v, B8y,
FREQ
KHZ . o
L250] #230¢ 13,7 17,0 #1805 219,8 20,4 #24,3 «3],4
L3015 018,80 =Y, 11,9 =13,1 atd ) a1E,7 wiu,b 28,8
00| «15,9  «€,9 8.3 «10,8 «a11,7 13,4 «18,7 #23,6
00 #12,2 3,7 95,9 w07 7.8 9,0 =id,) w1640
630 w8 Y eQ.7 2.7 2 ed. ) eb,] =tl.l 12,1
LBon} w88 3. 1.0 0,0 w8 o3, 8 eyl =108
1,00 | =247 6,2 4.2 3.7 2.0 1,7 7,8 0,4
1.25 .8 9.8 7.6 :_.9 ;.u l_.: otal 07,7
1.66 3 . - -
Yoo | s :3.; :?:g 9:3 a:g g:e .3:; ..2:2 DATA FOR THE REMAINING ANGLES NOT
2.0 3.9 14,6 19,3 7,8 6,7  ¢,3 1,2 wl,2 ANALYZED DUE TO JET NOISE
3,15 1.8 12,9 6.4 2,9 2,8 4,5 3.8 1,1 CONTAHINATION
h.un 4.8 8,4 3.3 0,2 0,6 8.2 0,3 2,7
4,00 Bk 6,8  g.l 4,5 el 7,4 .0 2.6
6.10 2.3 11,2 4.8 en.d 0.4 €,2 B,b 2.9
8.00 3.0 1940 5% 2,8 3,1 ol 10,3 3,9
10.0 2.2 13,6 12,3 13,0 1.2 6.2 12,0 5,8
12.5 4,2 8,8 6,0 5,3 5,4 Ct,u 11,8 6,0
16.0 [ I 7.8 5,8 4.0 4,u 6,7 w=6,u
20.0 4 LY 4,9 ?.,S 149 1.8 «3,3 w840
25.0 b 8,6 4,0 ".’ Ved w2,8 7,8 08,2
31.5 ot 4 9,5 8,y 9,5 3.0 1,3 =13,8 «8,4
4.0 3,3 0.9 J.€ 2.1 2,0 1.8 el,b e,
50.u o3 1,8 3.8 2,3 dat el,7 1,8 e7,0
61.0 4,8 1,8 e8.  u B U =0.9 e7.b eV.u
OPTF,  wem— NOSPLy -
29a7  F.d Db 1.1 sUGt el,7 ed.B e7.4




173 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPi. (NTC;)

J

My = 1.2 M, =006 Ta © 600K

DAISY LOBE NOZZLE (Run no = 129 )

EMISSLUN ANGLL (RLLATIVL Y€ JLY LXFAUST) RLFEREMCLO YO NO22LE EXIV

( DLGRE

(K-

—

21,1 =g,4

PTFy LT |

FREQ
KHZ

.250)# 33,5 «21,8

2315|0286 «16,6

Lho0je27,6 18,8

.500[ ettt =6,4

630e18,2 #1,8

. 800 .!log ot.d

1.00 |o11,8 q.3

1,25 | =S¥ 1.9

1,60 | =2.3 4,8

2,00 | =f.0  €,6

2.50 | ®¢,?7 Set

3.15 ] =7.4 4,3

4.00 Yy, b 3-6

. .’-t ot

2l aela 3t DATA FOR

B.00 | =182 _!,5 THEREMAINING ANGLES NOT ANALYZED
10.0 ot g 1.4 DUE TO JET NOISE CONTAMINATION
12.5 |18 =4,2
16.0 [='7.1 =5.3
20.0 |=t3.¢ 2.1
25.¢ |etrat 1,2
31.5 =l bt 5,‘
40.0 ce¥ 12,7
50.0 .4 11,4
63.0 | =2.9 @.¢

OPTF; N0$PL1 —

CONICAL NOZZLE ( Run No = 102)

|

EHISSION ANGLE (RULATLIVE 10 JEY EXFAUST) REFERENCED T0 NOZ2LE EXIY

( DEGRELS )
FREQ PTFI ‘.. §¢. 6o, 0. 6o, Y0,
KHZ
250 | @id, ) 016,80 =18,7 3.1 «¥,4 2386 FUI N
3151 at1,€ 11,4 w101,6 oloy <853 *32.3 -5?:3
400 att.0 10,1 <108 o1, 4 oF,B «30.6 w2).2
500| a,? w3,2 ed.8 0.3 o7,7 ®20,U 16,1
6301 a7 0,2 ef.8 0,9 7.3 wl6if =101
8001 ed,6 2,1 Q.6 2,7 4.1 o14,9 w2
1.00 1 «3,2 3,7 2.6 3,6 2,0 «i3,1 s4,8
125 | ety 8.3 4,4 3.7 <0, ell,u w?,0
1.60 | w8y7 6,6 6.4 .9 0,3 8,6 b,y
;-gg 1'.3 g.: :.g :,? :.s -E,g -0-.!-2 DATA FOR THE REMAINING ANGLES NOT
i . . . . -4, *le 1
e 18 eens o3 a:n 6cd oite oot ANALYZED DUE YO JET NOISE CONTAMINATION
.00 300 39 Bet 9.9 Bl 0,2 1.
5.00 2.3 2.1 5,1 B9 BB 0,0 .3
6.30 202 ®0.9  ded 8.5 9.8  |,6 wi.u
8.00 Bot 1.7 0.6 11,3 12,1 3,1 3.7
10.0 1o7 1,8 7.3 8.3 7.9 w26 eb.2
12.5 Jab 2.8 7.0 1P 7.8 W8,.8 wp,8
16,0 9.4 9.8 4,9 9.0 2,6 =17,2 eb.8
20.0 8,4 w3 4 1.8 2.0 8,8 «20,6 5,8
25.0 7.8 24,6 9.7 wQ,b e)U.B wIS,u =1),4
3.5 Lh Y} "pJ e0,1 7,’ =100 -9.‘ wB 8
ho.n ®el ?.8 6,4 u..‘ 141 '7.“ ool
SU.0 | wd,0 w16 2.5 U8 e8,5 =182 .y.8
63.0 4,9 142 0.2 3.7 #12,F ety,§ o7,
OPTF;  wet— NOSPL s
2V.1  @g.8 16 Jot wueB ©l0,4 b,




1/5 OCTAVE NTC (gB) WITH RESPECT TO TRANSMITTED SPL (NTC,)

My = 1.2 My = 0.6 Tg = 600K

DAISY LOBE NOZZLE (RUN NO = 129)

EPISSTON ANGLE (RLLATIVE 70 JeT LukAUYT) RECFPEREACED YO ADZZLE €XIT

( DLGRLLE )

ba,
FREQ PTF¢
KHZ
250 #3300 21,3
315 =¥y et6L4
koo | »27,5 #i5,5
500 =172.7 =6,4
ta - ~
G0l =108 =30 ORIGINAL PAGE 1§
1.00 {=V0,0 0.7 . Do ALLTD
125 -y g 2.2 OP 1001\ ~\.l,\l,‘llY
1.60 o/aov 4,/
2.00 LY. 4 t.9
2.50 ol & 5.3
3.15 -/, 4 4.4
koo | =%.7 2.6
5,00 o/ L 4,2
6.30 ':-! 3.0 DATA FOR
8.00 =t "‘ =3.3 THE REMAINING ANGLES NOT ANALYZED
10.0 o, 1,4 DUE TO JET NOISE CONTAMINATION
12.6 alf & wd ¢
16.0 | *tt.y =Eat
20.0 at? s 2,1
250 |ttt
31.5 at b .2
40 .0 1ol 1,8
50.0 - . 1.5
63.0 o7ed Y,7
OPTF, = NOSPL;
21,8 =¢.@
—-_—_———-___—_—-———#
CONICAL NOZZLE (Run no = 102)
LM ISSION ANGLE (RELATIVL 10 JLY taRAUST) REFERENCED YO NOZZLE EXIY
{ BUGRELE )
PTFt @, Su. 60, 74, Bo. Su,
FRIQ
KHZ . . .
200 eti b et4sy =tded =19 eB,) 037.3 w24,/
315 | etd b 91,6 =108 w1,) 7,5 «J1,8 #2148
00| mig B eY .8 eY.4 -0_.3 7.2 »3U.Y WiU,b
500 ab,2 w2,8 4,3 Q2 «7,2 =19,5 =18,0
6| et la 9.5 =1,.¢ 1.2 7,0 =1¢€,2 »12,8
LB00) wd,$ 2.1 0,7 2,8 4,0 =14,7 =11,1
1.00 | e3.F 3,8 2.6 3,0 2.0 =130 *be
1.75 | =15 5,3 4,0 4.7 0.4 =109 7,8
1,60 | ege? €.6 6.4  dau 0.3 =86 B
7.00 2.8 6,3 8.0 6,3 1,2 eb,€ 3.3
2.ho 1,3 4,0 8,0 ﬂ... 4,6 .‘-z o l,0
315 1,8 eq, €7 B, 6,4 e, 4,0\
i oo 1 ‘!’g N 022 1,1 DATA FOR THE REMAINING ANGLES NOT
o 00 373 202 5.1 9n 8.8 0.8 u,d ANAYZED DUE TO JET NOISE CONTAMINATION
6,30 2.3 4,9 d.4  Bo 9.8 1,6 ety
8.0n £.2 1,9 9.8 11,56 12,2 3,3 2.
10,0 VB et,? 7.6 8.9 B.1 «@,4 ol |
1.5 L) 2,5 Bou 11,2 7,8 BB wb.d
16.0 4.4 6.5 8,0 9.0 2.7 17,2 b,
0.0 e8,d4 «3,8 1,6 2,0 6,8 20,8 ot,8
25.0 w4 ed,b Q.7 =0 5 ely,b eff b =11, ¢
3.9 03,2 *d4,3 «d.! 7,2 =t0,0 «0,4 5,8
4.0 Y] 3.0 6.6 U..b Uob wte8 w9,1
10.0 03,y =1,4 247 ‘_.u wb,3 =18, o84
61.0 «3,® 2.7 1.7 4,0 ol 1 5,3 wt,2
OPTF, s NOSPLy
29,7 1.2 240 38 eugd etucu o7t
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i
A
iy

1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NT

cy)
i 600
MJ=|.2 MTﬂo.zﬂ 'I'R= K
DAISY LOBE NOZZLE (Run NO = 9.7 )
LMISSLUN ANGLE (PrLavive 10 JEY CUPAUST) RLFEREMCLO 10 NOZILE EX3Y
( nEGRELE )
PTFy a8, OS¢
FREQ
KHZ ]
250 #34,6 #23.0 =3i.4
315 «29,2 18,2 3.7
.Loo ‘-27_.3 0|6..5 24,
.500} w1y, #10,0 .9
.630] ®1€,¢ @), 4 b,
"800] @14,2 @t,0 4.4
1.00 | #t%.5 4,7 ot
1.2% Y I 2.6 09
1.60 | =2.6 6.8 2.2
2.00 | »Con 2,0 3.9
23%2 :51 f.'; ;’; DATA FOR THE REMAINING ANGLES NOT
oo | =i7 179 2.8 ANALYZED DUE TO JET NOISE CONTAMINATION
5.00 | et.: 6,9 1.2
6.30 ok, ?  n,93 a6
8.00 k9 "G/ 4.6
10.0 | 10, «7.3 7.3
12.5 | «1f,2 =9,2 -5.3
16.0 abot =Q.) 1e3d
20.0 | e17.e =3.6 o2.7
25.0 ey, ®2.8 edet
31.5 olt =¢,2 4.V
40.0 A 16,9 14,7
50.0 1,4 8,7 1.8
63.0 ea,? 2.9 943 X
OPTFj et NOSPL;
™ .4 '5-' 23,4
CONICAL NOZZLE ( RuN NO = 100 )
LN1SSION ANGLE (RLLATIVL 76 JET LXPAUST) RUFERCNCLD TO NOZZLE EX1T
{ NUGRLES )
PTF; 3s, 40, S0, 60, 70,
FREQ
yYuz
250 8,2 2.4 1-’ U;’ -’.-‘l .‘..l
3151 @7,3 =@.1 et w2, ed,8 «d,u
400 e7.8 Q4,7 P -3..0 8.4 .399
L500] o7.4 4.2 ol o2 -?’b od 8 03’6
.630 ot b 4. 046 "_.9 wd 0 ol 4
8001 ed,6 3,0 2.0 0,0 =iy 2,8
1.00 0z,% 8,8 4,4 2,8 olel 2.8
125 | »ga2 8,2 6.9 5.1 149 slgt
AR I
. 1,4 ) .
2.50 v 3:7 ;:a .': °:= ,3:‘4’ DATA FOR THE REMAINING ANGLES NOT
3.15 iy 8.8 6.2 5:3 Bot 2.8 ANALYZED DUE TO JET NOISE CONTAMINATION
4.00 ey 2.8 4.0 6.8 8.8 3,2
£ .00 1,8 Q.9 ol Q.0 u_.‘ 2.2
6.30 POCTEE T Y I B P 1.4 2,0
8.00 | 2.6 elea 1.6 4,7 8.2 12
10.0 9.0 4.8 0.8 0,0 2.8 9,8
2.5 ot B Y N ] L8 9.4
16.0 2.3 4,3 oB.1 o84 1.8 10,6
20.0 08,2 wb,8 7.0 -5’0 (TN] .
250 lelged 5,2 8.2 6,2 3,2 =8,9
31.5 2.0 2.9 0.6 ”7 5.9 1.6
100 | ezee 8.3 1.8 =06 39 4,3
50.0 vl ) e),8 wdd '3'4 3.6 0.9
63.0 aed .3 «d.0 =2.6 7.7 vl B
OPTF; == NOSPL; —t
3.3 8.8 2.8 1.5 oL8 =0V

24b




1/3 OCTAVE NTC (eiB) WITH RESPECT TC TRANSMITTED SPL (NTC,)

My =12 Mp=02h Tp e 600K
DAISY LOBE NOZZLE (RuN No = 130 )
EMIGHI0N anCLE (PELATIVY TC JET tX6ALEY) RLFERLACED 10 NOZZLE FX1T
¢ DEGSELE )
. a4, 118
freg | CVF!
KHZ
L250 | =37 .8 '2:3.: 24,6
L35 ) w27,€ 10,9 21,5
g0 | #2052 18,2 <19.7 ORIGINAL PA
‘sno| et/ 6 =88 o8¢ o AGE g
630 14,8 .6,2 Y RS Ty -
800 @133 %1 eJ,.F ry
1.00 LAY | 4,9 2,3
1.26 [ #%. .2 =2.8 ev.d
1.60 | =74V 1.6 2.7
2.00 | *%.7 2,8 4,2
2.50 | %« 2.2 1.9 DATA FOR THE REMAINING ANGLES NOT
3.15 o/, 6 9,8 2] ANALYZED DUE TO JET NOISE CONTAMINATION
4,00 =t .t 2.0 2.8
5.00 | =ted 1,0 1.2
6.30 -, 8.2 .8

2 8.00 st & w4, 0,5

=~ 10,0 | =1, 3 «7.3 2.2
12.5 et€ .2 e¥,1 «§,?
16.0 /.4 e, 1.6
20,0 |wtz e ed,6 2.7
25.0 ab b 2,8 eg,.0
.. o & =a,2 4,0
L. 0 a4 11,3 15,
40.0 3.8 19,6 V),
63,0 wd,u 3,6 €,

OPTF, NOSPL¢
1.2 wd,e 2,3
CONICAL NOZZLE (run No = 104 )
EF1SSION ANGLL (RCLATAIVE 1€ JEV EXPAUST) RCFERENCED 1O NOZZILe EXIT
( NEGRLES )

. PTF¢ e, 410, bo, 6u, 0,

: FREQ

: KHZ

. 250) 3.6 4,9 3.3 1.8 eU6 <.

‘ 314 wt Y 9, 0.6 -2..0 wd 4 «=),C

. hag 07,6 =0,5 1,4 2,7 8,2 el.€

: SO w2yt §,0 0.9 =2,4 4,8 a3.4
. 630 wCu€ 0.8 w4 el.7 e38 =il

: B00| a8 3,2 2.1 0,7 w9 «2.6
N 100 | 82,8 5,8  ded 2,8 wUgl =2,u
4 1.75 et 8.3 6.9 5.0 2,0 elgu
. lgg 1,4 10,2 ;.3 g,;l 33 Ued

" ‘- 1,4 ' . . -

: <o 1y 3; 5.: ,:: ::: g: DATA FOR THE REMAINING ANGLES NOT
L 156 8.4 €.3 6.3 8,1 3:9 ANALYZED DUE TO JET NOISE CONTAMINATION
< I, 8.9 2.8 4,0 6,8 W,8 3,2

v | et,g 9.9 W3t 0.0 8.4 =2,
6.10 b 4,2 se.! I8 105 2,1
8.00 2.6 1,2 1,8 4,9 B4 1.4

: 10.0 £e2 1.9 =0.9 0,3 0 8.C

" 17.5 ag.? 3.t e2.1 =30 0,8 6,8
E 6.0 4,4 4,3 8,0 LIPS ‘.e |°.6

“ 20.0 °E,2 6,8 7,0 eb.u  b.9 3.7

25.0 etd 4 3,2 6,2 '5..? o3, b4

B 3.5 2.0 2.6 @.8 2,3 6,0 1,6

u 4o .o “i st =0, et =y,8 4,0 4,4

" 50,0 8,0 el,7 ed,8 oS3 I.bB 0,4

A0 LI 3.9 3.0 1ul «4,0 (.2
Q.

. OFTF, et NOSPLy

. - SRV TY . T T % S Y Pt
245
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1/3 OCTAVE NTC (aB) WITH RESPECT TO INCIDENT SPL (NTCp)

=0 = 0
M MJ2

MULTICHUTE NOZZLE (Run NO =144 )

CO NI £ N A~ = o
Q
o

LPISSION ARGLL (RULATIVE 10 JCY [XPAUBY) RETERENCED 10 MOZZLE EXJT
¢ DLGRELE )

PTFL 8. 10, 20, du. Au. bl tae Tue 8o, 90 100, 110, 120,

@33 B0 11,3 wB,4 «0,3 =8,2 wio) wdo0) ®de9 44,0 wd,3 #5,1 =4,9 «d,1
wig,0 "6.‘ 4, -|J,9-l5.0'15.9-|065-lu-B-Il.7-ll.&-!O.ﬁ-ll.U-ll.G-la,B
ety 7 23,8 4,9 -lﬂ,B-??.lo??.lnﬂl.l-?4.9024."-23,10l7.3¢25.0-?|.0-!3.0
00,6 221,99 7.4 -'0,40l9.¢-?ﬁ.0-lﬁ62v29o4-54.2-23,8-l9.|-25,3-92.7020.3
a2t,7 26,1 18,9 -l‘,9-l7.6-?3.¢'|7&0.9"0302‘o"?J.aiaz.7-?‘.0‘?‘.0'2‘3‘
®23.2 *18.7 =13.9 -l4,0-!7.0-?‘.7-l‘cQ'24o4-39.6-!0.3030.5-29.6-3|.3-33,9
wlt, 6 o19,2 =t1,6 -|?,9-I6.9—?5.5-l&.‘i?ﬂg&'lﬂ.9vl7.4¢lﬂ,9ble.3-17.7-]0.9

ot ,2 e1,7 6,9 -7,7-Iu.u-l3,0 wByi oloU 7,9 ©6,7 =6,8 7.8 ©2.,0 =647
5,3 e2,0 4,6 4,3 «q,? w8, ou,? ©3) «4,5 wd 0 v9,4 =8,9 5,3 «3,8
ety , 4 e8,7 oit,3 o1y, 3e1C,4013,0 oﬁuﬂ-ll.?olJ.J-I4.8-!5.7-]4.5-!4;9-!5,]
etl,? 14,9 =16.4 -la,l-ld.S-?o,l-ll.l-lu.d-\9.3-19,2-|9,a.|s.sa|9,o.e|,s
ot1l,7 o18,3 e14d,.8 -|3,u¢ll.6-20.‘-l4.4-l7.0-18.l-lO.1020,1-21.8-?3.8-25.0
eB.0 wl,? 2.1 1,8 =352080,8 s1,8 0d.2 0248 md,? 26,6 #7,9 =647 =7,6
ny .3 14,4 .8-9 '793 -5.3Il2.0 .;dc .’0‘ .9.3"261.".‘.l‘.‘.?5.|.|3.7
etd,S o1d4,4 13,2 -19,7-|350-l8,? -ﬁcﬁ-l?.Gnlﬁ.Zilﬂ.l-!4,9-[6,4-!7.3-18.7
elg,7 4,8 e).2 04,5 wS,2e15,? -C.&d|3.4¢|l.7-ll.7a|3§l-13,8-l3.7613,0
e21,8 6,2 18,7 0‘3,5-|2.9¢35.2*33JHO?H."22.9-22.3h23.8-23.§-24.5-27.4
w21, 8,8 #14,2 -13,.‘!5.5.30.7-20u5.3|.9-1906-20,9-2455l26¢0l3|.0“?9.9
wlet 6,1 <747 07,7-|7.4-?4.6-l4.l-l7.9-12.9-13.4-16.4-20.5-26;0-23.0
14,0 1,8 «d.d -5,6-Iﬂ.|-|7,0-|l690lJ.tiIQ.U-iépe-l4;8-20.5-|9.2-?2,0
el@,d =8,7 =y.8 -Iu,ﬂ-‘&.l-?l.0-@34ﬁ626.5-2I.4-20.?-21,5-25.0-27.0029,9
«21,6 6,3 11,2 -|5,3-l3.3'?5.l5|7u0-20-9-|9.5-27.3-26.9-23.5-29}2-20,0
wit b 8,3 11,2 -'l,3-l3.6¢?4,0-|§030Iﬁ.l'lﬁ;ﬁﬂzo,ﬂoal.é-?ﬁ.o-?l.?-lo,ﬂ
«28,7 9.9 «18.5 -2|,i-26.6-37.¢-95go-28.5-27.7-30,3-37,3.39.3.3;,5.40,1
o3, 0 *13,6 «21,7 -29.4-26.4-34.7-3!.503450-31.2-38.2-37.5-3].7-37.7-39.7

(-3

OPTF; = NOSPL; —

21,4 9,8 6.0 -|2;2-|4.3-|9.?-I2;2-ld.9-IS.G-IG;S-!7;0-]7.3-17.5-!7.7

REF. COAXIAL NOZZLE (Run No =168 )

FREQ

KHZ

.250
. 315
Jhoo
.500
.630
.800
.00
.25
.60
.00
.50
.15
.00
00
.30
.00

G T NN

-
o
Sogown.ocowo

LF18810N ANGLE C(RLLATIVL 1C Jt1 £XRAUST) RUFERENCED TO ACZZLE EX1T
( LEGRELS )

PTF§ te. 20, d0, 4o, %0, bu, 70, BOL 90, 100, 110, 120,

011,27 2.8 ef,7 2,5 14,8 el6,E 13,3 e14,2 el 1,7e12,8a1d,4013,8014,1
o16.7 w6, 7.1 8,2 #10,7 22,3 w2047 ©19,8 w20, de18,0m20,1019,5219,8
«20.3 020.9 =17.8 *21,2 23,7 =30,E =lu.9 «d8,9 «37,8030,3242,1044,08:41,4
226.7 *20,3 18,3 21,0 =22,7 «28,4 28,8 v38,1 *28,6027,1+28,9=29,2029,0
24,7 19,6 «18.9 #20,5 »2u,0 w280 @S0 28,0 «25,8224,0028,4925,7028,6
023.4 -'6.3‘.|5n0 ""b .‘°g| 23,9 27,9 '35,4 -26.0-25.5-25.‘-?5-4°3§p:
elHoG o11.2 016,80 =14,5 =17.4 s02,2 «19,7 «20,7 el 7019,3a18,7018,1018,1
9,6 o4, 4 P -8,3 oil,0 'l!,! oy,0 9,3 .9 '3,3 .’p‘ e?,4 .’p°
2406 olil e2.8 o35 e3P abl el b w37 3,4 w308 *2,9 #3,0 o34
012,01 =91 =19e0 9,0 ol ) ol u #l0,8 ofU,9 o1l ,2ni1,10l1,2ui1,0012.1
et7.8 01327 13,3 =13,1 =14,0 17,4 «16,}) =16,0 «17,3217,8e17,8019,4019,7
017,9 12,8 =124 «11,7 13,8 #17,4 elf,? o17,d4 ©18,6020,4020,1%21,7022,1
etg.) #4,3 4,3 =37 8,7 oli,? =lu,d »t1,3 #12,1012,8012,5012,0013,0
013,58 7,8 o7, 7,5 b8 e12°0 =tU.9 @129 =18,2017,3016,9216,9217,8
=13,7 =3.1 5,7 '6p| .9’0 "ega =10,1 ‘|4p° .|5'°.|6;0.|°-“|893.|9,0
ob.Y 0,4 0,8 =18 oS,B lG, ¥ «11,d ©12,8 =15,0=18,9017,0016,4017,8
o185 wd B o8,7 =B,0 2148 «16,0 «ibl “18,1 226,8026,2025,9020,0027,7
02¢,? o¥,9 <14, =13,6 o186 #Z],7 «24,4 €23, =28,8027,9025,2027,1020,1
eldse o3.1 4,5 =9,0 #1680 el707 =11,3 s16,6 #20,6222,3022,3024,4026,5
etapd 2,1 8.0 =10,4 =14,2 =14,0 a1 8 o15,0 »17,4020,0020,4922,4028,4
o181 ©7,6 sl =il b =18,] 20,8 =19,7 20,8 23,0024,6024,8024,6029,2
e2gad wU.4 =13.3 #13,1 a18,7 16,6 w2u,.9 w221 *24,9926,0+26,2227,0432,8
024,31 w8l =16, =1l,) «lb,0 20,4 19,2 #23,2 «28,7027,7027,5228,9034,2
02427 o11u) o145 @14, 7 26,1 o30,F w20,7 59,0 @30 9034, 1edd, 1530,1043,1
e270k =10.3 o018t =17,4 e ug) =34,3 =22,6 «31,68 ©3f,0036,8030,9e37,6042,7

OPTF;  —a— NOSPL e
22,4 s9e2 =0.3 =1UL1 #13.7 2178 =180 e16.4 w17, 8ml?46u17,4518,2018,5
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sreg Teow -

L'k)! ™

1“‘ah£“§ “ﬂ

‘ [§187;

1/3 OCTAVE NTC (dB) WITH RESFECT 10 INCIDENT SPL - (NiC)

MJ'

= 0.4 ﬂw :0ﬁ

MULTICHUTE NOZZLE (Run wo — 145 )

PTFy 14, 20,

9 et
.0 «11,7
9 18,3
t »15,4

630 YL ] '37.0 e1byb
800| 24,8 33,0 10,7

©20.a °24,2 =13.9
¥, otd, 1 e8,)
8,7 o14,0 9,4
alf,) e1p,) ed,9
wig,t 28,0 =14,6
ot(.y 928,80 @10
©7.8 17,7 o%,9
a6 19,8 @?.9
e13,2 »23.6 LRy
012,y 24,9 et1,4
018,86 32,0 «18,2
o189 28,5 «13,9
0162 34,4 19,8
at8,d +36,4 17,7
28,7 *43,4 =23,9
oth,? »a1,2 =14,3
0l ¢35, 020,10
w2d b od4q,.4 «?8,7
ed4,L 34,4 «31,0

CPISSION ANGLL (PLLATIVE IC
)

46, 4y,

09;! 9,3
«13,0 14,6
18,5 «26,7
«ih, 0 «24,7
10,0 »22,7
.'7'7 ndu ?
ot 8,2 =15,9

4,9 o5.¢

b ol €

ab,b w79
cll,b 1l,9
it »12,0

2,7 3.0

-." .0

h,3 7.8

03.9 06.0
13,6 wtu,!
etl, b ah,3
17,3 8,3
-'6,7 b,
«21,3 o1,
a18,3 =10,6
atb,y 9,3
«29,0 *2V.y
289,72 22u,6

PLGRLLE )

£a, [ XTI

ab v el
eld,4 ~hd,d
28,1 Wil Y
«?)? we?o?
wll 4 wit,?
el?,7 wib,l
o .8 odl i
03.‘ ohio¥
1.3 *%,u
0,3 «li, 9
5.3 =18,
-lt.3 "@.s
o2,3 ob,u
2,0 7.3
ol.5 »1),4
ot M =12,
k.7 ot B
ol1,§ =18,u
ellu »lt,?¢
e1G,7 =18,)
el%,6 #22,%
o131, =it,8
o§,§ ®17,u
“)?,4 «2¢,3
w)?,u w2k,.4

'

oy,7
albnau
og?,U
w2t
alu,4
«3b,9
LFE S
oh,?
oted
13,8
*gyu,.?
»32.2
06,2
w?,?
13,8
oil,)
21,7
.|ﬁa°
-9«,3
21,7
22,4
o052
17,3
«2301
wg0,6

JEY LXBALEY) ALTFRENCED TO NEZZLE LX1Y

fu, Yu. tou, 116, 120,

wl,7 »8,Befu,? =9,0 0,08
eifi,ioia,telt foli,feld,d
o27.2-2u.7-?b.ﬁ-?ﬁ.ﬂoad.b
'?0.6-30.7¢?e.ﬁt?f.Q-?ﬁyu
»37,0n34,0039,7037 904l ,1
0, ce 0, defifi feds 0e30,0
-23,2-#‘.7-?&,&,?)'4-2!.2
wj0 000 Ba.3,d01¢,8010,0

v, oh,7eld,2011,8013,2
©}6,3a18,3019,0017,6e18,7
027, 1942,8021 Hodl 6023,6
021,06022,7024,0029,08e20,0

0?sbm1fodeib sl 1e19,?
etl,/wiB,1019,8020,1020,9
«20,8023,1023,0223,4026,4
.2|,4-2].8.?0.5'?5.5'?”,0
©19,002),1024,3028,9030,2
©18,0021,4820,3030,6030,0
018,8023,5028,2030,%029,6
.‘e‘0.|909°22-2°23.5.?7.7
©20,9629,%9024,5:30,7032,4
©24,0020,7025,7022C,2027,41
0177926, 1023,8023,7024,8
w24,9031,7030,6032,7030,9
029,2029,8024,8233,003€6,8

OPTF|  ~ea—

2244 wd, 8 “t3e2

et é et b

R et
e — ]

NOSPL

9,7 =153

«)b,6

)8 019,002y 2920 (%020,9

RUF. COAXIAL NOZZIE (RuN no =169 )

——
= —

[ R
[R10

R

RGNt

L)
0o

4.9
50 .1
[l

JHL
A0 | eaag .8 19,

L 50¢

PTES 18, v,

etd,) 13,7 ey,d
alf, 0 o17,2 =1),8
°1€,2
' w2d4,8 19,2 =19,3

B30 422,0 19,3 «14,)

1| w2t,0 18,8 =127
w17,k 017,48 @t
o2t »13,6 4,8
1,1 w8,3 3.7
2,0 «18,¢ o5,
-'5,' «28,1 14,10
o1¢, b »32,3 =15.8
oh ) w2B,0 w8,
ol € 215,9 7.8
!, 2 037, al o9
otf,4 4@,y 12,2
eiY,u +38,4 «12,b
e15,8 -33,0 el€ 4
021,42 =44,9 =21,4
at7,7 )8, ot4y,d
024,00 50,8 =p6.¢
24,1 51,0 a27,4
wly,t ©34,7 =217
32,7 o3Y,2 «34.1
o3,y 33, =d9.t

Jo, v,
a1, =13,4
18,4 «1B 6
18,2 «23,!

16,9 o13,6 «22,7

( DEGRELS )

2o, tu,

elt,2 «l1d,1
221,27 19,8
=22, #ib,h
2g3.Y

15,4 =17,0 «19,9 «:1.2

213,3 e14,6

el?.7 #2143

1y, 12,4 w1l ¢ 25,4

a?,v 2.5
601 8.9
el,7 el 2
«9,7
.‘0:7
-3h6
.4,0
333
“10,5

*2e2
2240
ele?
.

wid, 0 =140 YN

=12,06 »14,1
-|6’| et7,4

eB,8 12,7
00,6 »12,3 «14,7

-2,6 03.2
el F
=2, 6 B,

e1%,9

ob,?
wl,4 8,4
-io§ el
etU,?2 =174
al? B
ojl B =iz, 4
°20,) =lt,u

0007

14,2 @13,0 12,6 =154
*20,3 222,06 <275 =\b,0
Ut 221,58 o8, wii,d

“16.9 =170

etd b 1B}

c2byy =319 e20,F ek b
237,7 «24,7 e84 &t} "

70.

=13,6
*2V,.1
«31,3
"8, ,u
wgb, 6
©27,2
22,4
aled

1.3
‘.7’0
«fd, 2
“1?,u
9,4
e?.7
9,0
"iuL7
a24,4
©124.6
w88
el7.8
«20,9
“?bal
17,1
wdfo2
LRI |

LM1SSIUN ANGLE (RULATIVE 1€ JET EX®AUST) RLFEREANCLD TO AG2ILE EXT

80, 90, 100, 110, 120,

“14,0011,8013,7212,8014,3
e20,9018,1020,2=18,9220,7
.39.8-30,6-37.2=33.5-35,3
030,4030,2034,4233,1034,0
©26,0020,7232,1032,6034,4
2B,1034,1029,6232,3e34,1
e21,9018,6016,7218,%019,8
87,6 26,7 v8,1 =7,7 =88
1,0 1.0 0,7 =0,7 1.8
w7s7 ©8,6 29, 8e1],0013,6
°18,7e17,7018,9222,102443
"9.“2200.24|U.26.3'27.2
of1,Je12,1p12,8+13,6015,6
-9.0-|°.6-|3.0u14.3-|7.2
efd, tel3,0e1d,001%5,718,6
027, 1221,7025,9=32,6039,3
028 ,0025,2027 ,802Y,Ba3U,8
a6, 00)0,B017,7=23,80022,8
«20,0020,4623,7030,7929,1
24,2021 ,0024,5-28,0030,2
'?0.7'?5;352002'3|.6'3‘.2
024,5026,5232,3+30,9038,6
©18,0e25,302),8230,4030,8
“33,3u34,3:34,6=37,0=40,8

e)3,b032,003),8530,7:42,1

OF1t | e

22.€ 023,6 13,0

ein,7 sly,0

NOSFL |

13,1 =139

=1b,9

- ———

a}7,4218,1=19,1=2u,Be22,b

247




et A e

1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,)

] .
"Jag Mdzn'2

MULTICHUTE NOZZLE (run no = 152 )

LMISGION ANGLE (RLLATIVE YC JCY LRRALEY) REFERCNCED 10 NOZZLE EXIY
¢ DLGRELE )

PTF{ 29, 3¢, w, S0, €0, Yitg 80,

2250 @3,9 #2,4 8,1 .6 2,0  JLF 10,6 =)y,
2315] @14,8 13,2 «19,0 o159 7,9 @bet =210 wel,4
4001 226,3 028,10 221,6 «28,2 #25,6 =1€,t ~19,b «32,|
'500| 026,6 027,5 222,06 «23,9 *21,4 ©1€,6 a3b,) =34,9
1630 a26,% 034,68 22.) «22,6 «19,2 223,1 «d) 8 47,6
+000( 24,9 ¢39,8 a18.9 19,9 «19,0 16,6 «37,6 w3d, 9
100 | w2 .0 o18,8 21d,7 o144 17,7 o1d,? 1,0 w24,8DATA FOR THE REMAINING ANGLES NOT
1.25 | «12,7 «BoY 7.6 .7"3 e?,6 «f,4 ®17,4 =18 ,6ANALYZED DUE TO JET NOISE
1.60 ed.t  ol1.6 0.4 0.7 2.9 .3'.0 ok u 8,3 CONTAMINAT ION
2.00 7,6 2,0 3,7 =2,6 U, eB. € ¢y,9 w1l,2
2.50 | @t8,0 o16,9 «13,2 «10,1 7,0 o1t.€ o190 «wZ2,)
305 1 av6et »20,4 «19,3 12,0 8,3 «17,6 «22,3 23,4
4.00 | a1y 18,8 1402 @7,0 <242 o11.2 «13,5 13,2
5.00 ®7.6 o171 a¥,d 4.0 U3 =t 6,9 U4
6.30 et ! «i3,2 9,7 0,1 0,4 «S.5 efy,b O‘s,-’
8.00 13,2 ¢16,1 «18,3 -|6_.' .8 -6.9 b4 -|.9_.u
- F 10.0 | a12,§ o19,8 «19.3 e16,6 5,0 =tl,8 ~13.d4 «17,6
: 12 @12,7 21,6 «21,1 15,6 4,8 «17,2 «17,8 =16,%
16 w143 18,3 21,3 13,6 7,5 o15,7 «11,3 «1?,6
20
25
o

5

o Ly
0 w18 22,2 =047 16,4 211,2 18,7 «18,8 014,06
(0 | et7.3 25,9 28,5 24,3 8,7 20,9 wil,0 wiU,4
5

0

0

N *2ual *25,7 24,0 «24,2 o) 8 w21,8 @333 €234

®12,7 918,6 20,8 17,8 85,7 st 0 «ly,8 w88

’ 50. #2¢,5 o31,4 a33,2 «29,1 «12,8 «21,5 14,9 o18,?

= 63.0 221, ©32,7 «3@.| =28.9 »13,4 23,2 «17,9 «21,.6
OPTF; NOSPL4

I 20,6 17,9 15,7 12,9 27,6 «13,8 =12,4 10,8

‘ REF. COAXIAL NOZZLE (RuN No =174 )

o LFISSIUN ANGLL (RELATIVE 10 JCY EXPAUSY) RCFERENCED 10 NOZ2LE EXIT
( DEGHEES )

i LTUM 8¢, 6 -
rrea |PTF 3¢, ¢ ) ]
KH2 =
: 2501 wf, b 6,7 5.2 5,2 G4l
: 3151 w8 2.1 w8l w07 0.8
) h00] a14,4 02,3 w9,8 <23,4 9,8
500 mtd, 1 23,6 «19.3 =8.7 #12,1
< 6301 w13, oB,3 a10.? 5,8 «19,7
800 | w12,8 3.4 89,3 5,2 17,5
b 100 | 614.2 =0,d4 6,9 =d,6 =14,2
1} 1251 @Eul 4,8 e),8 =0,6 8,2
e 160 | et 1 19.1 3.8 3.8 el.6
200 L1201 2.4 s7.1 =60 e11,3
B [ =85
¥ 15 ::g:; ned ::f: ,2;; ::g:g DATA FOR THE REMAINING ANGLES NOT
00 | a3 eBl7 e6u5 106 edod ANALYZED DUE TO JET NOISE CONTAMINATION
) 5.00 | «13,0 10,7 «ti,0 5.1 7,9
: 6.30 | wtqg,d 13,2 7.9 02,3 6,5
5 8.00 | 22,5 +1B,9 18,3 «16,7 18,7
10.0 «2),0 o1B,8 «24,1 ~18,5 =18,4
=33 125 | w22,k 013,9 23,6 =16, =7y,8
N i16.0 *24.% +14,9 214,4 «13,1 =210
20.0 ©22,4 17,5 «18,8 «14,9 »19,3
25.0 | w2H.2 19,8 «23,3 =20,9 =31,y
N 3.5 w3yt 230,10 «25,0 '2?_.4 L { ]
- 40.0 w22, «14,9 21,8 =157 «18,6
50.0 »32,7 25,7 «31,8 #24,0 eJu,b
63.0 1 wde,! 34,0 =J€,v =322 39,6

OPTF; = NOSPL ; -

— . 23e) b7 w)13.2 ab,Y m1l,2
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDEWT SPL (NTCy)

M =0.8 M = 1.2
Y eN ‘ﬁ\\ J1 J2
. U e
~ 1 MULTICHUTE NOZZLE (run no =153 )
LVLSSTON ANGLE (RLLATIVL 1€ JLT LXMAUST) RLTERENCCD TO MOZZLE E€X1Y
( DLGREEE )
: 20, 34, 44, 59, ¢a, 0, 80,
FREQ PTF{
KH2 ‘
2600 ®7.t ®6.9 =108 w79 @13 e0,2 shel 910.7
L3165 =10, et etd, 6 -Hl,’ w4t «4,3 i3, 2? -l! ]
ool e ¥,V €149 19,8 «12,7 =iu,8 -l'.E w2?.9 -Ié 3
500 | wt9,8 14,1 22,1 =13,0 212,1 )P u w28,2 18,8
630] 922,10 13,2 «35,9 14,0 »14,7 alb b w200 «19,5
800 #88,1 11,8 «29,4 -|J ? atl, ) al?,2 wZ0,8 «t7,1
1.00 | w18,4 o11,4 18,6 «11, PO w742 w194 wided «14,9
1,25 | #1108 «11,7 =91,4 -q,: 2,6 «2E,u ®w33,0 «12.4
1.60 | ®5.3 @7.9 4,3 22,9 34 «10,2 «t,3 9.8
2.00 07,4 9,6 6.8 3.7 0,9 «B,2 7,6 =15,70ATA FOR THE REMAINING ANGLES NOT
2.50 | »14,4 16,9 e14,4 -lo b <644 13,8 e14,9 #22,7ANALYZED DUE TO JET NOISE
3.15 | »18,4 29,9 =96.3 -Id I e7.0 o14,€ s1¥,4 w2(0,9 CONTAMINATION
4.00 ob,3 19,1 11, -8, »? 0,2 =B.4 «12,7 »13,7
500 | o802 <141 wb.E =dal 2.7 e7.7 8.4 =C.8
6.30 °f,4 12,1 8,8 w8, 2,2 «B,u eb.4 =11,8
8.00 L1 S «13.8 afl, 8 'l?,.‘ o3, w€,2 «12,9 w@4,6
10.0 ete 4 o17,0 o12,7 =13, 4 2,4 wB,1 «ti,.9 13,1
12.5 w¥, 6 o173 a16,6 «13,8 el 8 6,7 «18,u elu,.4
16.0 | o15,8 «24,4 «22.7 .18, o0 8,2 12,2 «i3,b6 =27,.4
2000 | =167 22206 a22.0 1708 =11.7 <1901 w230 »24,1
25.0 |etd,q «21,9 «18,7 20,6 8,4 19,5 =16,4 =18,2
31.5 LAR ) °28,.1 «21,2 -2.’ ] -9.5 -?3,' 14,2 w2y, 8
h0.0 ali ) o17,6 =19,5 -18 G 2,8 wi2,7 «12,1 «12,6
50.0 wlf,d 229,09 «30.2 -28 7 @7.8 #21,4 w2 ,4 =16.4
63.0 w2y & 920,08 =29.4 28,0 «11,6 «23,5 20,0 ~26,0
OPTF; —ea— NOSPL4
21,4 15,8 14,8 -l?‘,] «9,3 QIU;Q -I.‘,..] 7.2

e

RFF, COAXIAL NOZZLE (Run No = 172)
LMISSION ANGLL (RLLATIVE 0 JLT EXWAUST) RLFERENCED TO NDZZLE EXIT
- ( DLGREES )

FRLO PTF le. 4¢, Su, by, 70,
KHZ

250 ad,2 2,1 2.0 w=85,06 4.0 w22

315  ata,? 3,8 3.7 11,8 e2,1 b4

001 220,06 14,2 11,2 227,40 =13,2 «22,7

2500 atg,? 11,8 «13.3 «20,0 =148 »14, V2

610 q1y,? m8,7 w206 =17, «i8,4 «ll,u

BN 16,2 o85.8 «17.8 «14,0 »16,2 .l(l.l

100 | 92,6 w1,3 13,7 «11,0 a11,6 =0,

1.25 | Tabta 307 8.4 5,9 o7,2 =11,9

;gg 2.8 8,2 wlo? l-.ﬁ «l,6 -‘ ]

el AR PR T U SR siued o4 DATA FOR THE REMAINING ANGLES NOT
15 | or8te 012.9 21004 aBTt ~1300 =106 ANALYZED DUE TO JET NOISE CONTAMINATION
Lo 6.8 Q.6 o1, =0,5 a8 2,9

6.00 | a1z,3 eY,7 e7,2 =6,2 6.4 =1),4

6.0 w12,? 11,9 «t4,5 '6 8 4,6 o7 ,.B

8.00 | 2¢.t 25,8 «17,5 »16,0 =14,2 »20,€

10.0 w2g.) *14,0 18,8 -06,7 «18.9 o129
12.5 win.l 19,95 «16,8 «13,0 #22,4 =13,¢
[16.0 | «21,2 «16,2 «14.0 .w B «285,7 ol
2000 | atgeg o16.7 «18.4 o11nd 224,6 <1E,€
25.0 | 320G ,3 23,2 «27,2 «1Y,7 28,1 16,8
3.5 | w24, 22,3 =3g.b =18,0 =24, =12,4
un.o el b 11,6 w17, =12, eif,7 w77
50.0 | w26,6 »1B.5 «2d,2 «18,49 =29,8 =17,¢
63.0 e3t,4 22,2 =3b.E -25.9 38,0 =0%,4

OPTF, =t NNSPL
2304 =748 =1geb =111 ey B et
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,)

=0, = 0.9
M'“ QBMJZ 0
MULTICHUTE NOZZLE (Run No = 154 )
CMESBION ANGLE (RLLATIVE 10 JLT CXPAUYT) RLFEMENCLD YO NDZILE EXIY
( LLGRELE )
FREQ PTF} 28, 30, 4q, 89, tu, 2u, ¥0, 90, 100, 110, 120,
KHZ
1250 ®5 ¢ '5_.5 othel '9.", 6,1 €€ w02 96,5 »540 2.7 .U'os 3-2
3151 97,9 212,08 18,1 «16,1) 02,0 @do6 a1d,2 «14,5 <12,9 6,8 «8,6 4,4
P400Tet19e0 o19,8 224,0 21,4 220,68 10,7 #20,7 =28,5 24,2 =19,0 =24,2 13,1
+500|etb,E 0215 «28,2 w21,V 13,3 »11,3 wit, 4 36,8 26,7 =19,9 «23,3 «18.5
630fwtl,0 027,686 «27,3 «22,0 #1043 =}l b wZ(,u w28,3 40,1 «21,3 22,4 #32,7
-800{w19,7 039,7 23,0 20,7 11,3 wi€,} wi5,7 27,8 «32,4 ©25,1 =25.9 «3i.6
1:00 1o16.4 921,9 «17,9 «18,8 27,9 »16,6 27,7 =21,3 «22,1 22,2 »22,3 e18,1
1.25 | #7.8 011,72 «12,3 «12,3 1,0 5,8 212,80 «13,7 18,6 11,9 o13,2 #12,7
1.60 | w15 8,0 7,1 eaif 7,8 1,3 e4,8 o)U,0 ©13,0 8.6 =9.9 ¢i3.2
2.00 | e3,4 9.8 9,4 56,3 5.3 w08 e17,3 16,0 «19,8 o14,] 10,6 $§1,5
2.50 | atiyt 17,9 «14,2 «11,9 0,2 2,8 14,8 *23.6 23,7 «12,8 12,1 ©(3,8
315 | o¥.7 020.6 «18.9 «14,4 1.2 Bl 23,0 w38,) 222,85 (3,6 17,0 «20,"
4.00 1 wi ) o12,1 @?.9 eh b 7,3 o1,2 eli,l 9,4 =[1,8 =67 10,4 »13,6
5:00 | ez,7 s1€,7 ebel «4,4 7.6 w9 $8.5 eiU.I 13,2 6,4 «l1.8 wig 4
.30 | «3,¢ 012,2 <0.€ @B,3 6 wU,5 =ld.u =20u,7 =22,0 3,9 16,6 1€,
8.00 | wd,b 19,4 12,2 =11,0 2.8 0,3 «17.0 «19,0 21,8 «10,9 14,1 «1€,7
10.0 =77 =19,6 220,85 <12,4 21,4 of,1 =15,1 #16,6 «23,2 «11,9 =15,1 w186
12.5 oh,0 o16,1 =19,0 12,2 «2.1 af.F e12,4 «17,7 ©21,7 «10,8 «18,8 #14,2
16.0 wlet 223,85 a24,7 ©22,2 oUed wE 0 Wit 2 «ZU U ©22,0 16,9 21,1 w]7.6
20.0 SUell 029,8 226,4 221,2 c1.,6 «B.5 210,5 #19,9 22,4 «17,3 «17,1 #14,0
25.0 @110 «31.9 26,8 24,4 <2,7 «13,€ “27,9 22,9 =27,0 *15,9 17,9 21,2
315 |e82,d 227,08 27,0 «29,1 3.9 «]2,b 24,2 «54,.2 #24,2 20,7 =22,2 023,23
o0 [Ti8ev tda0s 30 I30e 1619 iy 1hEd 1B1eD 1249 1l7l o143 gl
63.0 | ®7.% 32,2 =37, =33.3 1.2 17,8 =zb.3 31,7 =30.7 «1802 =229 =26 2
OPTFy —m NOSPL4
29,2 16,3 o15.0 12,8 U3 8,7 «17.4 18,8 19,2 =11.3 «13.8 12,2
REF. COAXIAL NOZZLE (Run No =171 )
LFISSI10M ANGLL (RLLATIVE 70 JET EXFAUST) RLFERENCED TO NO22LE EXIT
¢ DLGRELE )
raeg |PTFY '%s 20 30, 40, fyu, cu, Fu, B0, 90, 100, 110, 1204
KHZ
250 @11,2 »7,8 9.9 3.4 eB,2 13,6 -eb,] w12, «22;4021,6u22,6e15,7e13,3
315 18€ <116 5.0 <85 =D,3 12,6 =14.0 <18,8 =20,6a28500268.3017 70179
‘00  atl,7 213,80 aBi8 12,9 9.6 «22,5 w15 =di,) ©29,4040,8034,618,8.21,2
5001 w1b,.3 «1d,9 «10.6 =13,8 «9,1 15,7 =19,6 »24,4 ©27,7%3%,7030.7018,2021,3
6301 o178 o14,) w11, «1d,3 oB.q o1734 =17.7 w2d,? =28,0432,8u26,0017,8521 .53
8001 a16,0 o12,6 oBed «10,9 6,4 «18,4 «18,1 w242 ©23,7241,5028,2016,5220,1
100 | wid,3 o11,1 =6o9 @7,0 »d,8 «it,& 21,6 »28,9 *19,6025,0226,6<20,8017,7
1.24% -"‘.5 '9.9_ .:oe '2'0 '?pa "7,7 w1242 "4..0 -lI,O-I!.S-IJ.G-IS.G-!J‘,I
1:60 1 w2,1 »10,3 1.2 5.0 2,3 elet 2,5 *1,2 af,d 3,3 wd,J 5,4 «€,3
2:00 1 a1g4.4 «28,8 «0.4 <4,1 5,8 7,4 w8 9,8 of,6e12,2013,4015,4016,1
2:50 1 ahd,t o26,7 <13.7 29,7 @1Usd =101 w1220 #1430 ©13,3a175202043420 8521 8
315 1 atd, ) «28,9 =i2.4 “9s8 2lUeE 8,8 o112 o14,4 16,8019,1a20,3622,7226:4
4,00 | a8,k 023,9 «5,0 2,8 2,7 e0.1 3.0 w8e3 @9,2 «0,Bel0.d «9,7514;)
2:00 £ atg,g =30,1 12,9 @) 8 oB,B <E.€ »8,2 8,2 “8,9012,9015,2016,3022,6
530 | w1g,8 *3ge7 =11t ®6,9 oB,3 wt,l 4,9 12,4 =18,0219,3216,8¢19,0022,3
8.00 [ ary.t «31,3 «21,6 «16,2 «17,3 212,7 13,4 w23,0 w2€,4w23;8024,9-25,727,5
10.0 e, 8308 19,1 @161 16,0 «15,4 »1],8 *16,7 “22,6023,6022,2026,2027,0
|‘Z’-5 018,90 ©32,0 =23.9 -22" 1740 ol€,u =18 oth,6 =16,0017,6020,3»22,8024,1
P (0 | w2304 <86 ©21.9 19,9 #19,8 26,9 w20.] 17,8 92]1,4020,6027,1%30,7032,4
20.0 | «22,6 «3d,q 22,9 +22,) «iD.8 18,0 vid.| «16.8 *23,0218,1924,5029,8229,8
25.0 ] 024,04 44,3 «33,u =29,1 24,8 e16,4 922,01 *2U,4 «23,6023,8032,3e31,0035,6
2103 | 92249 43,0 32,8 <20.6 «23,7 <18,k «16.3 18,4 22,2022,4e27,931,803073
0.0 *22,5 037,68 u23,0 024,22 #28,4 16,1 21t,7 19,4 220,1027,0u28,4=3] 303
50 0 . . » . » [ 'ps
300 #2380 2381 229,2 «27,0 23U,0 <18, ©24,3 ©73,5 +28.1+29,0032,5935,6+33.6
| 63 *2708 v41,3 =382 =34,9 #J5,4 wib,) wl3,T w31,8 =3B.1e36,238,3ed4,2:42.4
OPTF;  wat— NOSPL
2246 <18,4 211,7 10,7 @l1a) #13,3 13,4 wl6.3 ©17,8020,2021,4e20, 821,90
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1/5 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC))

M

o'a
J1 °

M, =12 = 600 K

2 T 1 = AMBIENT TRz

MULTICHUTE NOZZLE (Run no =157 )

LMISSIUN ANGLE (RELATIVE 10 JCT EXFAUSY) REFERENCED T0 NOZ2ZLE EXIT

 DUGRLLE )

PTF' te. 7']. o,
FREQ
KHZ .
-250| 14,6 28,8 7,6 b5
L3150 €7,¢ 3,6 14,4 -IJ,I
L400] Wty -8,7 24,6 20,6
.500f «21,9 =10,7 -36.7 -gg,: ORIG
.630] «24,1 12,8 » 0.4 =28, NI .
.800| 2374 <12.1 «27.3 =270H NaL Pz\(E IS
1.00 | w20,8 010,6 a2d,0 25,6 OF POON (. e
1,25 |ty ,2 «B,0 =19,7 =21,9 ~cdaTY
1.60 |@t% | ed,3 «14,2 «16_9
2.00 | <€,% 1,6 6.9 =101
2.50 et2,.9 ol 8 «B,9 -I?;]
Tos e 3. ci6.d :;'I’r'; DATA FOR THE REMAINING ANGLES NOT
5100 etest =706 =110 -1550 ANALYZED DUE TO JET NOISE CONTAMINATION
6.30 [ wta,1 «1,5 ed,4 8,5
8.00 | wf3.t =5,0 <6.4 =11,0
10,0 | w14.¢ 26,5 7.2 «15,.]
12.5 “td,0 3.5 <1, 17,7
16.0 | wtd,t 3,8 =22,5 =16,.7
20.0 “17.7 9,4 «48,9 -lo ?
25.0 wlt,7 =8,5 o17,2 -'9 1
3.5 | @22,¢ «13,4 «23,1 -w..
49.0 024,§ 22,1 a23,4 =24,7
50.0 24,8 «17,5 «16,7 =20,0
63.0 | 31,5 24,4 23,2 «28.9
OPTF; NosPLy
Iye€ ©7.2 =1d.,8 =18,
REF. COAXIAL NOZZLE (Run No =176)
LFLISSIUN ANGLL (RLLATIVL 10 JET LXPAUSY) RLPERENCED TO KOZZLE EXIT
( DLGRELE )
: 5
Freg PTF; '
KHZ
.250 ®d,4 7 3
. 315 LY
400 | e22.2 .|¢ 9
500 ] ot «f 2
630 ) aysy 2.7
B0l ere e gLq
100 | e13,3 w128
1.25 1 «13,2 1,4
1.60 .'o’ 2.‘
2.00 i, 9.8
The | rase 9.2 DATA FOR THE REMAINING ANGLES NOT
hog | Za5e2 =3.8 ANALYZED DUE TO JET NOISE CONTAMINATION
. o2¢ .y eY,1
5.00 | «23.7 -n.ﬂ
6.30 | wiv,e  @,.2
8.00 | a2¢,? a¥.q
10.0 w2t,) w93
2.5 w2y 6 8.0
16.0 -2-_".4: L1 ]
20.0 «24 & «13,4
25.0 | w214 wy,7
3L | w2E,5 e12,2
ho.o «2%,¢ «13,9
50.0 «Jt,0 024,2
530 | «34,5 23,1
OPTF; = NOSPL
22.%5 e4,)




“oasd

1/3 OCTAVE NTC (dB3 WITH RESPECT 10 INCIDENT SPL (NTC,)

MJ = 0.8 M 0.9 T

. )2 a . =AMBIENI']’R2 =900 K

R

MULTICHUTE NOZZLE (Run No =159 )

LPMLESI0N ANGLLE (RLLATIVE %€ JLY EXPAUYT) RLFERENCED TO MNCZZLE EX1N
( PEGRELS )

- PTF; 2, M, 4o, B0, 60, u, 80, 90, oo, 110,

¢ ,250] @20 2,7 349 @8,3 8.3  UL3 w2e2 9,9 eS,6 7,4 ©10,4
" 35| $18,7 07,2 13,3 e1b, ) ald,d «9,8 w16, d «1U,B ©16,8 «17,4 «20,3

400| €26, 021,08 «21,4 27,0 «21,9 23,0 w234 «33,8 ©31,) «35,3 #35,1
.500| 27,0 02d,1 24,5 29,1 23,1 43,7 wil, 2 «3(,0 «268,2 ¢30,7 34,8
.630] *27,0 ©18,9 =32,9 «30,3 =24,2 o24,) w22,9 v28,9 24,1 =26,7 «34,0
# ' .800] #22,9 14,7 27,5 «2%5,8 #18,7 «20,2 18,8 vi5,2 «23,3 «26,8 33,2
it 1,00 | 13,8 8,4 20,0 =18,7 85,4 old8 =t 8 w01,2 «22,7 =23,7 «32,4
1.2 | @t1,2 7,0 #1086 «15,6 «2,2 efd, 3 »1d4,7 «22,5 «30,0 »23,7 34,2
1,60 | @1d,1 «B,8 16,9 =15,6 85,6 o172,k =15,1 «19,7 26,4 23,7 «31,3
2,00 ap,d «d,) elg.9 -ﬂ,l U7 wl0,8 8,4 110,8 e18,2 17,8 «24,4
2.50 G B3 2,8 6,0 14,2 7.6 4,0 3,7 3,9 eB,3 e5,1
3.15 7.4 @aB,9 @12, 7,2 0,7 «Z,9 wb,4 ¢il.8 «2(0,2 15,9 14,0
4,00 | «13,2 o14,0 =20,6 14,3 7,9 <7,1 o108 «18,7 «18,3 »168,9 «20,2
S.00 | #17.4 ©15.9 22,6 «20.1 *14,2 o16.3 »15.3 15,2 «19,9 22,7 «30.,0
6.30 07,7 @49 «9,8 212,27 aV,8 «(,2 =0,3 96,6 =12,8 «12,4 «15,3
8.00 7.t 8,0 214,99 211,48 8,3 3,7 1,1 w?,.5 «13:;6 *16,0 21,3
b 10.0 °2,0 ei,d4 2,7 4,2 3.9 6,5 3,5 0d,8 «f2,3 6,0 o11,9

12,3 019,2 «18,8 «20,7 7,8 «6,0 =1Y,} w8,8 «18,6 =17.4 «15,4
al,? «18,0 23,0 «22,4 =14.7 18,7 =14,8 «21,2 =26,8 «18,6 «22,6

¢ 12.5 wd,2 1,9 e1.7 2,2 @43 2.7 el.8 «12.,4 a10,4 *10.0 =11,5
16.0 "U.S @6,2 «14,6 10,9 9,8 22,4 ed,l 14,7 «18,9 *13,7 «14,7
i 20.0 2118 wd,8 «18,5 «a11,2 e11,2 «f,) 7,5 13,1 416,) o15,6 #:¢,9
25.0 cEot 3,1 =15,3 98,5 2,2 alod 07,0 w8.6 =12,6 *i1,7 «1),?
2 3.5 *2,2 0.1 =17,3 #06.3 wle2 2,0 Ge? *8,2 e11,7 #8,3 «12,)
¢ 40.0 a1 @2,9 21004 =138 w08 0,7 e3,u w8,8 13,3 =11,5 =9,0
Q
0

OPTF; NOSPL4
:§§ 24,4 9.4 18,6 =13.3 Byl 7.1 eB.8 o14,4 =18,0 18,4 =20,5
_%‘ REF. COAXIAL NOZZLE (run No =177)
_E LM1SSION ANGLE (RELATIVE 10 JET EXFAUSYT) RLFERENEED 10 NOZ2LE EXIT
i- ¢ DEGRLES )
Ry ¢
5 sreq | PTF ..
* KHZ
§ 250 | wy,? 1,2
) q': .315 wit,2 L PR
- 100 | w24,9 14,9
— ¢ 500 17,2 6,3
. 630 | «13,7 2,9
2 .800] 14,4 3.8
v 1.00 el4,% wd. g
e 1.25 | 18,4 w48
- 1.60 -|§.9‘ -5.‘
. 2.00 i
= 350 | 213 a8 DATA FOR THE REMAINING ANGLES NOT
315 | w16y ebog ANALYZED DUE TO JET NOISE CONTAMINATION
4,00 wi$ & B, €
‘. 5.00 | o21,8 w1g,¥
, 6.30 wif,4 w46
it 8.00 | w1d, 6 »3,8
. 10.0 w22.0 11,2
. 12.5 wlt 6 wg,@
. 16.0 -2|.2 .|°.]
v 20.0 822,8 o11,86
o 25.0 | olg, 8 0,0
‘ 1.5 1d,d 3.8
40,0 wld, ) 3.4
50.0 022,92 <113
. 63.0 27,7 16,9
—_ OPTF; w—a— NOSPL 4
: 22.2 '907
252




- 1/3 0".TAVE NTC (aB) WITH RESPECT TO 'NCIDENT SPL (NTC,)

s 0.8 .
- MJ1 = MJZ = 0.9 TR1

MULTICHUTE NOZZLE (Run No =160 )

= 450K TRz =600 K

EMISSIUN ANULL (RLLATIVE € Jt7 LXFAUST) RLFERENCCD 70 MOZILE EX1T
( DEGREEE )

PTF; 16, 20, S0, 4¢, %0, eu, 70, 80, 9u. 100, 110, 120,

T

FREQ
KHZ ) . . . .
.250] #€,7 11,8 3.2 6,0 o9,y 13,6 Vol *12,2 6,6 6,7 «0,9 8,9 6.8

i L35 wt1,3 @2,d4 ef,d ell, 012,08 17,7 04,9 «16,2 02,0012, 101d,1n1d,d012,2
. L4oo| w17,8 6,8 w747 =18, eld,8 o21,3 =12,3 w2yed -28,|t29,2-28,5-47.2-20.7
. 500] @17.E 5,9 9,3 «15,0 =15,1 10,3 14,3 v20,8 02),9023,5019,7=28,0023,0

i 630[ w1l 4 8.2 12,9 «20,2 015,48 o17,8 w2l 2 wal,6 «§8,0020,6022,3021,4020,}
v 300] wfBo1 «8.6 =11,2 =24,0 =12,9 #14,4 =18,2 ©19,8 #20,0021,1022,2021,8020,3
; 1700 | 61655 $1026 o8.0 o16,2 9,5 =13,1 eld.? w16.9 ©23,8022,402),1022,9020,5
: 1.25 .'4‘.9 -IS‘.? 68,3 '?’9 .74. w]€,.2 .lij’ .ld'.! ‘20.6-2'.6'25.7"?7.l‘?zos
g 1.60 | 12,9 *26.1 «12.7 =bu 9,4 wt 8 =1usb =12,9 eld,1a17,0020,7026,6023,1
o 200 | 6.9 o18.5 17,9 3,0 7.0 0,6 5,9 0,9 09,6811,6017,7220,1215,0
o 2.50 | =dof a21.4 «19,3 «7,5 =4,3 2,8 Jou wd ol «7:4210,2217,6218,0014,9
) 3.15 | et2,8 34,0 =22.9 -1H,6 «12,0 8,8 us0 e13,7 ®15;5019,0018,8-18,4420,2
4.0 |etGo9 37,5 «29.9 «20,8 w1745 =€,9 #12,2 «18.3 o18,70108,822,6024,.9028,1
G 5.00 |ei2.9 39,5 ~20.2 =16, 4 14,3 «b.6 8.7 e12,9 -I1,6-15¢6-23.9-27.8-26,3
a“.j 6.30 wd 0 033.7 «t1a,.0 -7") ed 2 0,7 --l)_.b o0,4 et} -B-,?-‘Id.d-”‘.plhe
8.00 i1, =361 =140 =13,2 0.8 ?,1 =10.9 11,4 -1762-21_.140.4-20.3-27.2
» 1000 | =181 o3dnd «18.7 «14,6 1327 «10,8 o8, 1 =15.1 «17,6u18,623,1427,302340
o 12.5 el | 24,2 85,5 «1,5 sl 0.6 2.0 w6iu =7,9 a9,7a|2.9-15.7~‘-15,75
G 16.0 efg 5 o361 =15,8 o119 18,0 «€,8 2.9 8,2 e11,1015,5024,0e22,0025. 3
i 20.0 e12.7 <335 =16.9 9,4 =15.4 10,3 =5.u w87 «18,0wl5,2020,4218,3221,4
; 26.0 |att.d o3¢.4 «23,0 9,5 =14,9 <E,F wd,d 6,4 ©13,4016,4017,5218,3=20,4
: 31.5 1ol 34,3 16,9 7,7 #20,8 &10,.7 ay,0 «11,.9 -|4,6-|4.l-25.5-lﬁ.5-22.0
o 100 | e16o6 36,8 w22.7 «17,0 =182 oLl b =109 «15,0 ¢14,2019,9021,9922,8225,0
: 50.0 etl, 8 29,8 18,4 «15,0 »22,6 el1Z,0 =140 019,85 ©13,8017,726,1-22,8224,0
63.0 w21.C 027,2 16,6 =16.0 =24,8 =19, 17,7 21,2 @19,1023,7221,02274202747
; 0PTF; NOSPL; —
24,2 o131 4.4 =130t =130 =207 ef8,2 12,7 ®]3,6e10a1019,1=19,6018.8
e e —
i
B REF. COAXIAL NOZZLE (Run No =179)
o EMISSIUN ANGLE (RLLATIVE 3¢ JEY ERMAUSY) RLFERENCED TO NOZZLE EXIT
4 ¢ OLGRELS )
PTF; 66, 0. B0, 90,
" FREQ
: KHZ
i 1250 al@ E @Q.d wige8 o11,4 clugd ] -
o 315 el8,1 8,1 «14,9 «185.8 »15.7 ORIGITNAL PACGE IS
5 U0 26,9 18,5 21,3 =24,3 32,9 e yeney 4y TY
. 500 | w24 b «16,7 22,3 =19,7 =24,4 OF POOE Weoad
o 630 | 22,7 14,8 24,7 16,5 »2u,.6
I 800 | 02g,8 v12,3 21,8 =15,9 «18,0

.00 ell,d 9,2 =19, -|6’7 L |

.25 a1?,2 6,9 a17,1 -26..5 14,0

60 | w12,5 2,7 =1@.d =19, =12,0

-00 «¥,2 8.7 1,0 =d,4 2,6 DATA FOR THE REMAINING ANGLES NOT

.50 at,§ e1,2 =3,3 6,3 8,0 ANALYZED DUE TO JET NOISE CONTAMINATION
15 | et8l1 26,3 «10.€ «13,9 ©17,9

.00 wll,? 9,8 =13,9 -l7,! 19,2

Do M e e =
-

5.00 | et4.0 8.2 e9.1 «13.4 #14,6
6.30 | m1g.3 =1,9 8,2 =87 ]

8.00 | wit,4 at3 g «12,6 19,0 e15,8

10.0 at2,) =3t 9,8 «8,0 13,7

12.5 17,0 7,7 «14,3 «i6,1 YL

& 16.0 et¥,) 14,1 =13,6 «17,2 =13,8
20.0 wll,? 12,/ «12,6 17,5 »13,9

oo 25.0 el w7,6 =6,b =108 =107
> 3.5 wl9,4 otd,7 «12,5 «19,7 afd,n
° 40.0 017,% o1d, 4 «19.8 =13,2 «14,1
%0.0 026, v22,2 *28.7 ©22,2 22),4

: 63.0 | wde. b 27,7 =22+2 =27.0 =27,0

OPTF  wut NOSPL ;
2248 =74q ~1220 =190 @187




T A
B e

1/3 OCTAVE NTC (aB) WITH RESPECT TO INCIDENT SPL (NTCy)

My

= 0.8
1

MJ = 0,9 T

2

R1

= 675

T

R2

= 900

MULTICHUTE NOZZLE (Run no = 167)

LMISSTON anCLE (RLLATEIVE 10 JLY tANAUETY RUFERENCED YO MCZILE EX3Y
( DLGREELS )
PTF{ 84, v, 70, Bu, 90, uo, 1106 120,
FREQ
KH2 .
,250] #1642 «15,4 8,1 =17,¥ P20 0 13,7 olu,u of7,8 =17,6
315] etG € 15,2 #8,3 18,1 =19,9 eldy #10,0 17,8 =18,
L400| @t 5 o1d4,3 o844 -9! b =19,8 -34 8 oi2,8 -éu,u 37,4
500 616,72 o13.9 8.4 .21,7 21941 wif,u 18,6 =19,8 =20.4
.630] w11,8 012,8 4,5 «27,4 -|7 ;0 6,2 7,0 -ne 6 #12,8
L800] m01,8 o1t 1 e3,0 21, ’ 010,99 of,4 ofu,8 i]" o16,l
1.00 |wig,d 8,9 0.9 =19,4 -l6.6 -..9 eib,t wi7,4 #21,8
1.26 | e=,2 2.3 3.9 -14 1§ «18,8 w3,u =166 =14,1 «14,8
1.60 | oG8 =0,9 6.3 -6,7 ol1,2 =9 0 ol,) o12,4 9,9
2.00 | #7.5 «2.8 7,8 =3,0 =5.¢ elGot b b =14,6 «12,0
2.50 el 2 2,4 4.9 1, «t.8 «8,0 wbe? wif,6 =7,6
3.15 lavi,2 «f,9 5,6 =4,0 e11,0 «13,3 «13.9 11,9 dll 2
4,00 Leid, g 13,4 .(a.z wl b o17,2 12,3 =13.9 LK -23,
5.00 |wt7.8 o18.2 «14,1 =11 u 16,8 14,2 =16, w2d4,7 29,4
6.30 |et1,d 7,7 6,3 -6,? wBsd w9,7 w20,2 «17,4 “19,8
8.00 oy,? =06,9 od,7 -9’4 8,9 w?.5 =97 ‘lg,‘ -25 4
10.0 et,3 1,2 5.9 3,7 eifa) -4.0 17,9 =16,8 «18,3
12.5 chod o118 92:2 345 =7¢8 @l b =14,6 =15,7 =17,9
160 | o118 7.7 6.6 2,0 310.9 «8,6 =id 4 =16,6 ~18,9
200 | edot 8.3 3.0 2,7 6.6 6,1 std 1 10,3 -w,:
25.0 9,3 3,9 0.1 0,2 «3.8 al.¢ .2 w2,9 «11.9
31.5 oz  #.1 3.4 =00 2.3 1,6 «2.6 o3 11,6
40.0 ML 3,9 3.8 -g’q od,3 .l,’ *Bq0 '.5_.3 ‘l‘ps
50.0 wald,d *15,6 8,0 <=8,7 747 =44,3 =tu, U oii, 8 «15,4
63.0 otE.) of1 B ai8,8 w98 16,7 siiv w7 017,86 -22.8
OPTF{ s NOSPL4
2124 o11,2 eB,1 «9.0 =13,5 <), b 18,3 =17.2 =19,4
REF. COAXIAL NOZZLE (Run No =178)
cr1g8iON ANGLL (RELATIVE 10 JLY LXPAUNT) RLFERENCED T0 NOZZLE EXIT
( DEGREES )
PTF; 6o, 70, B84,
FREQ
KHZ
250 | wget 4.8 o240 =13,
. 315 '903 wg,8 2,1 "“ o
400 | mig.d =3, o241 5 ]
500 | wi§,2 «b,1 9,9 8 7
630 ] et8,6 6,9 «22,7 «19,7
800 | w161 =5,0 =2¢.2 -l7 4
1.00 | @83,1 w19 «17,0 «15,6
1.25 b7 1.8 «15,1 «15,2
1.60 | e7,6 3.8 #14,8 .i753 DATA FOR THE REMAINING ANGLES NOT
2.00 eB.6 2,8 <137 =0,6 ANALYZED CUE TO JET NOISE CONTAMINATION
7.50 1.6 11,6 ei,2 95,6
3.15 4,8 8.1 3.2 -u,d
L.00 14,3 6,1 9,4 =10,0
5.00 | »t8,8 11,8 «12,9 «12,0
5.30 | #13,0 =5,9 842 =11,4
8.00 wiB,0 Y, ol B -U 9
10.0 wig.d 6,3 o943 Ny s
12.5 o8, 4,6 «1,7 -4,u
16.0 018,66 7,0 o114 .‘?.0
20.0 wlg 8 eol,6 w1 '9’
25.0 "!,0 2.? .a-g 'SPQ
3.5 | ett,1 e2,8 6.2 <%,
hp.0 N 2,8 5.8 =8,0b
50.0 19,4 o1¢,0 =18,4 0|7 l
63.0 22,1 13,4 «15,8 -20
OPTF; - NOSPL
26,8 34 2,2 «10,3




¥
Vi Ay
1 OF po ey,
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3':' QU{;&
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) ALy
=0.8 = 0,9 = = 600 K
MJ1 Mdz TR1 AMBIENT TRZ
MULTICHUTE NOZZLE (run no =162 )
tPISSION AKGLE (RELATLVE 70 JLY £XPAUYY) REFERENCED YO NCZ2LC FX]Y
A ¢ DLGRELS )
PTF 39, 40, 5. 6y, 20, Wi, Yu, SO0, 110, 129,
o FREQ
KHZ . )
L200f 19,0 212,6 7,6 10,4 @) 4 o)) K =fded 10,9 =§1,8 ©15,1 i,
N L6 w14,4 017,10 11,9 «a18,0 8,0 oit,l @172,0 #1055 =16,4 «19,5 15,7
? 00| 225,94 34,7 17,6 «31,7 ~18,2 «28,2 w57 ,8 wd6,.1 32,6 «30,3 <33,
4 .SC0| w281 €26, ©19,6 «23.8 «18,0 w261 @231 #25.5 «27,] «31,6 27,7
e 6710 €24,7 224,01 «27.) 20,0 #20,2 27,6 wZd,1 #71,0 «24,4 34,4 =24,
o .800| #2401 @19,7 26,2 «19,7 «21,0 =268 w22 ,3 022,9 24,9 32,9 «24,]
1.07 | 23,3 «14,6 «21,8 10,4 23,6 «2¢,8 220,80 26,2 «26,8 «31,9 23,6
i 1.25 | #19,4  @¥,8 @13,5 o1b. b a20,d «27,9 #21,9 #23,5 «30,0 »29,7 «24,7
o 1,60 | 812,68 9,9 8,7 6,0 iU, 8 =12,8 =15,8 e1d, ©19,0 »26,0 =23,8
ﬂﬂ‘«"' 2.00 eC,4 -d.‘ od,0 l,l wd 8 -t..g 08 9,3 -|4,5 vlB,4 015.2
R 2.50 | #18.€ 212,88 w80 23,4 oH,? «f,8 mit,6 wib,B 20,6 «16,6 «17,0
o 3.15 | o18,2 221,6 18,0 8,0 =lu 1 »1d,2 =16,9 »18,7 =20,1 »21,0 =21,3
4,00 | #17,3 27,7 «20.4 =10,0 =12,0 19,! wiy,b »20,2 »22,5 «25,2 «28,8
“ 5.00 | #1341 »22,8 o18,4 =5,7 »lugt =14,3 =13,7 »16,4 =23,4 26,4 «25,.7
6.30 2,5 11,7 4.7 3,4 ev.? 1,1 3,0 «11,5 «19,9 18,8 »15,2
) B.00 | »t4,7 #2¢,? 14,0 =9,8 wB,7 wS,b =211 e28,1 «25,6 «23,6 31,2
: 10.0 al1,§ 16,4 8,8 «10,5 2,8 «f,? w23,4 w4,4 «23,0 25,6 «22,0
I 12.5 w5,8 12,1 ®7,d4 wb,0 2,1 w?,1 =1d4,u v12,5 «20,4 18,6 =20,6
ey 16.0 13,9 «21,8 @21, ell, ) 4,6 o1, 1 oll,d «22,7 «22,2 »23,4 2],
= 20,0 | 13,5 o1Y,9 «15,0 «11,2 «d,§ «11,8 =17,7 18,6 «19,6 «21,1 «22.0
< 25.0 o¥,7 016,2 «14,5 «6,7 el d wb,] =17,4 «15,3 15,8 18,6 13,7
L 3.5 | m08,8 w16,2 21,8 7,3 4,8 ol0,4 =1€6,8 «15,4 16,9 «18,1 «22,0
. bp.o e1g.d »19,1 14,9 «10,7 eb,7 «10,4 17,5 «10,8 «14,2 v15,d4 17,7
. 50.0 e1E,G o19,6 «21,9 10,6 »10,2 «1E,7 =15,9 =18,1 «21,9 «20,8 «23,7
63.0 222,10 022,98 *28,3 «2),7 14,8 18,3 #26.2 @20.4 «21,4 «25,9 ©29,)
B OPTF; NOSPL.
. 22,5 «t8,) -14,4 w0 eB,1 «13,3 =1, al?,7 €19, 22,1 =20,2
—
REF, COAXIAL NOZZLE (run no =175)
UMISSIUN ANGLE (RUCLATIVE YO JLY EXkAUST) RLFERENCED VO NOZ2LE EX1T
( DEGREES )
- rrEQ FTF; o, 40, S0, 6y, 70, Eu. 90, 100, t10. 120,
' KHZ
o 250 F V.0 el B8 82,Y @10,1 ad,d e85, alB,? 16,2 16,1 «15,0 18,7
L L35 ] w229 3.7 e8.b «b,0 «7,b w2f,d »18,1 -|7;3 e{7.0 20,9
hoo [ et2,8 9.8 ©5,2 7,0 =118 <21,k wi),2 #26,6 «20,8 +27,4 «28,5
500 [ 15,3 w9,d e8,d =8,9 »16,7 1,7 wit,u 24,8 20,2 *23,2 «24,9
630 | 16,9 12,3 =140 @Y. =20,) <14, 28,5 w3d4,2 «20,0 22,2 24,0
800 ] w1d,d 8,6 11,6 2,1 «17,2 eld,u «23,3 «23,4 «19,0 23,1 22,8
. 1.00 | «12,8 4,6 oB,8 w4 M wld ] 14,3 «21,8 w22,7 «17,6 =»28,4 «20,)
i 1.25 Ve 24,9 ©8.€ 23,7 #1UD S17,E 1,0 wil,4 «15,6 «25,0 19,0
j 1.60 | w7.4 2,3 ed.d ed. v 7,3 21B.6 @1(,6 =16,8 «12,8 =16,8 «16,1
=G 2.00 (A 8,0 4,3 1,9 Us? @B sy,b b8 w6,? 7,8 8,9
o 2.50 o3 3.5 1.7 el 5 Ul eE,u 2,8 5.4 11,8 8,5 «12,8
ol 3,05 1 w13,7 9,8 w8,5 14,4 o8,) «10,5 =t3,4 ol2,4 a23,1 18,1 «27,4
5,00 1 @16,9 «18,7 «15.2 «13,8 =10 A o13,2 a16,7 «17,7 21,0 28,4 =388
5:00 | @94,8 29,6 @15, 212, b8 «l0,3 @1t 6 «1?,0 *17,6 «23,0 »22,.5
& 6. 30 o7.1 oU.0 «t1ed 27,0 w2 «d.3 eb,5 3,7 mll,8 11,8 =13,3
v B.00 | wtB b «19,8 «12,4 211,80 «8,9 «13,7 wiy,7 »i8,4 «25,4 »25,0 26,1
10.0 12,3 014,58 «13.0 «15,3 2,9 «7,2 =18,2 »20,4 ©20,9 «23,1 «19,6
12.5 11,6 28,9 eGU =90 WB,6 el,l w17,7 o165,6 «)16,0 *24,2 «21,0
) 16.0 10,0 09,7 10,0 9,8 2,8 o((,2 wib,| ©l12,0 «17,4 13,6 «21,7
20.0 e18,E 219,98 26,0 «18,4 «B,7 «17,4 cleB «10,6 «28,0 «29,3 «29,%
) 25.( 16, E 019,86 21 =179 @7,7 old.u »17,? 21,7 23,4 »28,5 «31,8
i 3.5 #17,2 «17,8 26,7 «18,) byt o(8,E VU, vE4,2 «27,1 26,2 29,0
. 4o.0 8,5 18,6 «09Y,9 220,20 8,8 «|€,3 =17,6 #21,2 =24,0 »28,3 29,7
i 50.¢ 022,4 o19,4 a3t,1 22,5 »12,7 o77,3 il «26,7 «29,7 29,9 «34,4
63.0 QU7 20,7 e3¢ € 229,77 »2],t opt,] al7,7 w33,9 «27,.5 38,1 «37,2
= 7 PTF; o NOSPL ; o~
. 28,4 97,1 B U «10.D oB.2 wil,z =15,4 «16,3 «19,1 *20,3 =22.8




k

L
NTC (=NTF)

M

v ?f":j:
Z)l&ﬂ} I%‘(HE -
NOT Pitypy
APPENDIX D D
NOMENCLATURE

cross-sectional area of the duct

speed of sound

diameter

frequency

annulus width

acoustic intensity

wave number, 2nf/c

protrusion of primary exit beyond the .fan exit
nozzle transmission coefficient (=nozzle transfer function)
Mach number

acoustic pressure amplitude

static pressure

power transfer function

radius

polar arc radlius

time

temperature

particle veloclity

mean veloclty

acoustic power

axial coordinate



o

Ve
% A wave length
E p density
:é c reflcction coefficient amplitude
a 0 far-fleld measurement angle (degrees) with the jel axls
_/ ¢ convergence angle of the nozzle
;i, Subscripts
; 0 relatin, to the ambient
i: 1 relating to the primary jet
%? 2 relating to the fan jet
t; c relating to the conical nozzle
E D relating to the duct
¢% DL relating to the daisy lobe nozzle
:é e relating tc the exit conditions
- ; f relating to the far-field
«Lgf i relating to the incident wave
; J relating to the fully-expanded jet condition
gvﬁ r relating to the reflected signal
:E R relating to the reservoir conditions
6{ t relating to the transmitted signal
é,t T relating to the free-jet
i
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